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The reproductive and leaf production phenologies of Ficus superba in 
Singapore was studied. Owing to the small population size, a census of all individuals 
was possible, allowing estimation of potential pollinator flight distances.  
Syconium production is aseasonal, strongly associated with leaf change. 
Larger trees reproduce and undergo leaf change more frequently. One the other hand, 
leaf change is seasonal. Though total crop failure of pollination was rare, unpollinated 
syconia and parasites were common in any crop.  
Ficus superba demographies of man-modified and natural habitats were 
different probably because of niche availability, growth spurts, selective felling and 
natural mortality.  
A logistic regression model, derived from the phenological study, was used 
with the demographic information to identify probable reproductive individuals. Most 
flights occur between trees below 1.0 km apart, accounting for more than 25% of 
inferred flights — this probably attributable to the clumping of the coastal and insular 
species.  
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To study of the reproductive and leaf production phenologies of Ficus superba (Miq.) 
Miq. population in Singapore, and the demography of exhaustively censused Ficus 




The main island and offshore islands of the Republic of Singapore.  
 
Methods 
Surveys were conducted in various parts of Singapore to census Ficus superba plants. 
For phenological study, 28 plants were observed weekly, from 28 September 2003, to 
6 March 2005. The 58 weeks duration of the maximum overlap in observations 
(weeks beginning 21 October 2003 to 23 November 2004) was used to estimate 
phenological parameters. Syconia from 50 crops were dissected for information on 
pollination rate, mean number of pollinator per syconium and parasitism rate. 
Statistical tests were performed to elucidate relationships between duration 
phenological states, size of the plants, habit, size of syconia crop, mean pollinator per 
syconium and parasitism rate.  
For demographical study, individuals were initially assigned as reproductive 
or juvenile based on height. Following the reproductive phenological study, a logistic 
regression model was derived to predict probable reproductive individuals. 
Geographical distances between all pairs of assigned and predicted reproductive 
individuals were used to calculate potential pollinator flight distances.  
 
Results 
Initiation of syconia production was aseasonal, but leaf production showed bimodal 
peaks. A strong association existed between leaf change and syconia production. 
Larger plants produced syconia more frequently, consisting of a larger proportion of 
small crops, tended to have discrete leaf change events. Though total failure of 
pollination was rare, crops with unpollinated syconia, and syconia parasitized by 
Camarothorax and Apocryptophagus were common. Duration of receptive Phase B is 
positively correlated to the proportion of crop with failed female syconia, while both 
are negatively correlated with the mean number of pollinator per syconium. Crop size 
is negatively correlated with the mean pollinator per syconium, though was not 
significantly related to duration of Phase B or proportion of failed female syconia. 
Interestingly, parasitism by Apocryptophagus, but not Camarothorax, increases with 
proportion of failed syconia, though parasitism by both parasites was positively 
correlated.  
Of 346 individuals censused, 155 were assigned reproductive. Of these, 78 
were predicted to be juveniles based on logistic regression, but no juveniles were 
reclassified. Dominance of 0–2 m height class was seen in human-modified habitats, 
while in natural habitats there were two modal classes (2–4 m and 8–10 m). Potential 
pollinator flight distances varied little whether assigned or predicted reproductive 
individuals were used. The distances or percentages of flight for the latter are given in 
brackets: mean of 15.2 km (15.6 km), mode of 1.0 km, with 28.8 % (25.5 %) of 
potential flights below 1.0 km and 56.2 % (55.4 %) below 16 km.  
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Main Conclusions 
Pollinators are usually scarce and in response, the plants lengthen the period of 
receptivity of the syconia. It is suspected that Apocryptophagus exploits unpollinated 
syconia. Further study is required to confirm this. 
Differences in the demography of natural versus human modified habitats 
could be owing to factors of niche availability, selective removal or mortality or 
growth spurt. The preponderance of short distance flights is surprising, as pollinators 
of Ficus have been reported to transverse great distances. 
 
  vii 
   
LIST OF TABLES PAGE
Table 1. Plants observed for phenological study 
 
18 
Table 2. Criteria for the diagnoses of developmental phases of syconia. 
 
21 
Table 3. Categories of syconium and criteria.  
 
26 




Table 5. Smith-Satterthwaite Test of the differences in reproductive 
phenological phase durations of FS-PSA-A001 (μ1) versus the rest 




Table 6. Results of Rayleigh’s Test for uniform distribution. 
 
40 
Table 7. χ-squared test for the association between leaf change and initiation 




Table 8. Mean diameters of syconia of various phases from 20 trees of all 
phases in descending order. 
 
43 
Table 9. Smith-Satterthwaite Test for significant differences in mean 
diameters of syconia in normal developmental phases. 
 
44 
Table 10. Smith-Satterthwaite Test for significant differences in mean 
diameters of syconia in the abnormal developmental phases 
compared to relevant normal phases. 
 
46 
Table 11. Percentages of syconia collected in the various states. The 
maximum (Max), minimum (Min), mean, standard deviation (SD) 
and median, were calculated from the subset of 50 crops 
exhibiting the each syconia type. The proportion of crops showing 
all syconia type are also tabulated. 
 
50 
Table 12. Numbers of originally assigned reproductive (A) and predicted 
reproductive (Predicted A) plants from each locality are as 




  viii 
   
LIST OF FIGURES PAGE
Figure 1. Map of the Republic of Singapore showing the localities where 
plants of Ficus superba were inventoried. Map based on the U.S. 
Central Intelligence Agency’s Singapore (Political) 2005 map. 
 
16 
Figure 2. Number of leaf change events each week in 28 trees. 
 
35 
Figure 3. Number of leafing and leaf loss events each week for 28 trees. 
 
36 
Figure 4. Number of plants initiating of reproduction in 20 trees. 
 
37 
Figure 5. Number of plants initiating and exhibiting Phase B syconia in 20 
trees.  
38 
Figure 6. Number of plants initiating and exhibiting Phase D in 20 trees. 
 
39 
Figure 7. Number of plants initiating Phase E and exhibiting Phase E≥10% 
in 20 trees. 
 
39 




Figure 9. Histogram of number of syconia against number of pollinator 
wasps pooled over 68 events. 
 
49 




Figure 11. Height distribution classes of individuals by type of locality. 
 
59 
Figure 12. Number of individuals by life form. 
 
59 
Figure 13. Numbers of epiphytes per host plant family. 
 
60 
Figure 14. Potential flight distances for pollinator wasps between plants 
originally assigned reproductive (R) and predicted reproductive 




  1 
1 AIMS 
To date, the reproductive and leaf production phenologies of Ficus superba 
(Miq.) Miq. (Moraceae) are still undetermined but this information would be relevant 
to the conservation of this nationally endangered species of Singapore (Turner et al., 
1994), which is threatened by rising sea levels through global climate change and 
development (IPCC, 2007). 
The study of this coastal and insular species is also of great interest in itself, as 
studies to date have focused on forest and riparian Ficus species, which have evenly 
distributed, low density populations, whereas Ficus superba has a clumped 
distribution. 
In Singapore, the Ficus superba population is small enough to be manageably 
inventoried in toto. This allows a demographic study of the species in natural and 
managed habitats. More importantly, an exhaustive census allows one to do the first 
realistic estimation of pollinator flight distances from pair-wise geographical 
distances of likely reproductive plants for any member of the Old and New World 
Ficus, which consists of about 735 species (Berg and Corner, 2005).  
Throughout the world, tropical rain forests will become fragmented 
(Whitmore and Sayer 1992), so it would be very useful to study the dispersal of a 
species adapted to a naturally fragmented distribution. Turner and Corlett (1996) 
made a case for the conservation value of small, isolated fragments. If the adaptation 
in Ficus superba could be generalized to other keystone species of the genus, it would 
strengthen the case for protecting small fragments. 
The main aims of this study were thus: 
a. To inventory and study the demography of the entire population of Ficus 
superba in Singapore. 
  2 
b. To study the reproductive and leaf production phenologies of Ficus superba in 
Singapore. 
c. To estimate the potential pollinator flight distances of Ficus superba in 
Singapore. 
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2 LITERATURE REVIEW 
Species of Ficus have been identified as a keystone plant resource in Southeast 
Asia and the Neotropics for their aseasonal fruit production needed for year-round 
survival of a wide range of vertebrate frugivores (Lambert and Marshall 1991, 
Leighton and Leighton 1983 and Terborgh 1986). Their conservation is therefore of 
great importance for the integrity of these ecosystems. However, their conservation is 
complicated by the large number of breeding individuals needed to support the 
species-specific Agaonidae pollinators and the low population density of each Ficus 
species in its forest, which necessitates the protection of very large tracks of land 
(Mawdsley et al. 1998, Nason et al. 1998). 
Weiblen and Bush (2002) have pointed out the symbiosis usually entails the 
simultaneous speciation or coevolution of both partners. This idea was well 
articulated by the fig-wasp systematist, Wiebes (1982) who wrote, “Related figs have 
related pollinators.” In fact, the co-evolutionary relationship is consistent enough that 
systematists were able to utilize it to clarify and confirm the classification of Ficus 
and Agaonidae wasps (e.g. Wiebes 1979,1982; Ramírez 1980; Corner 1985; Berg 
1989; Compton et al. 1996). Weiblen (2002), who recently reviewed the current state 
of knowledge for Agaonidae ecology, molecular and traditional systematics and 
evolution, was of the view that compared to cospeciation with host, host switching 
had not been a major factor in Ficus-pollinator evolution, thus supporting the opinion 
of Rasplus (1996).  
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2.1 TAXONOMIC STATUS AND DISTRIBUTION OF FICUS SUPERBA  
Corner (1963) originally documented the natural distribution of Ficus superba 
(Miq.) Miq. to range from the Ryuku Islands (Japan) in the north, down through 
Taiwan, the southern parts of the China, Vietnam, Laos, Kampuchea, Thailand, 
Myanmar, Peninsular Malaysia, Singapore and Indonesia (Java, Lesser Sunda Islands, 
Ceram) to Australia (northern parts of the Northern Territory and Queensland).  
This changed when Berg and Corner (2005) redefined Ficus superba to 
exclude var. japonica Miq. and var. heneana (Miq.) Corner. The former is now Ficus 
subpisocarpa Gagnep., and the latter a separate Australian species, Ficus heneana 
Miq. This severely restricted the range of Ficus superba to Thailand and southwards 
through to Java and the Lesser Sunda Islands, Borneo (Anambas and Natuna Islands), 
Celebes and Moluccas (Ceram). Only at the extremes of their distributions at Ceram, 
Indochina and Thailand do Ficus superba and Ficus subpisocarpa coexist. This 
circumscription is supported by distinct pollinator species for Ficus subpisocarpa 
(Platyscapa ishiiana Grandi) and Ficus superba (Platyscapa corneri Wiebes) 
(Wiebes 1994).  
It was originally hoped that the phenological study of this species in Singapore 
would allow for comparison with conspecific Ficus superba var. japonica in the more 
seasonal environment of Hong Kong, published by Hill (1967), to gauge the effect of 
seasonality on its phenology. However, this cannot be done now as Berg and Corner 
(2005) will be followed in recognizing the two distinct species. But this would also 
mean that the phenology of Ficus superba reported here would be new to science.  
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2.2 ECOLOGY, DEMOGRAPHY AND POTENTIAL POLLINATOR FLIGHT DISTANCES 
OF FICUS SUPERBA 
Ficus superba is a deciduous species mostly found in coastal and monsoon 
forests, often on rocks and at the sea front (Berg and Corner 2005). In Singapore, it is 
a nationally endangered plant (Turner et al., 1994), found as hemiepiphyte inhabiting 
beach vegetation (from Ng et al. 2005).  
From the census done, plants of Ficus superba were found predominantly as 
hemiepiphytes (stranglers) and lithophytes in human-modified environment found on 
main island Singapore and inhabited offshore islands, and as lithophytes on offshore 
islands with intact beach vegetation (Yeo, C.K. own observation). However, larger 
plants could become free-standing trees reaching heights of up to 30 m and diameter 
at breast height (dbh) of up to 3.6 m (Yeo, C.K. own observation). Reproduction has 
been observed in plants as short as 2 m in the field (Tan, H.T.W. unpublished), thus 
for the phenological and demographic studies, plants from ca. 2 m tall would be 
tentatively assigned as reproductive adults.  
Being a coastal and insular species, with natural patchy habitats, it is fortunate 
that the small population in Singapore allows it to be exhaustively inventoried, and 
pair-wise distances between all individuals to be determined. To date no direct 
estimation of pollinator flight distances has been done, and the work of Nason et al. 
(1998), which indirectly estimated them, was concerned with forest species with 
homogeneous spatial distribution.  
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2.3 PHENOLOGY AND THE NUMBER OF INDIVIDUALS OF FICUS SPECIES NEEDED 
FOR CONSERVATION 
As mentioned earlier, the conservation of Ficus automatically necessitates the 
conservation of its pollinators, which are dependent on the fertilized ovaries of Ficus 
as a food source for the next generation (Galil and Eisikowitch 1968b). The urgency 
of seeking out suitable syconia was demonstrated by Kjellberg et al. (1988) through 
mark and recapture experiments showing that the pollinator could survive in the wild 
realistically for only about 48 hours. The availability of suitable syconia would in turn 
depend on the phenological traits of the Ficus species. Thus, while phenological 
studies are interesting in their own right, reproductive phenological data have a 
special significance for conservation.  
Janzen (1979b) realized that host-specificity and short lifespan of the 
pollinator, coupled with the low natural densities and intra-tree syconium initiation 
synchrony of Ficus individuals in this obligate mutualism, the continued survival of 
the mutualists would be precarious. This is because well-staggered, overlapping 
receptive and male stages syconia of conspecific Ficus individuals would be required. 
Assuming that each individual’s syconia are receptive for only a week, and the 
dispersed pollinators live a week, Janzen (1979b) figured that it would drastically 
reduce the actual breeding population at any time to one-fifty-second (1/52) of the 
total number reproductive individuals. However, this is but a rough estimate that had 
yet fully taken into account phenological data.  
Nason et al. (1998), researching along similar lines to Janzen (1979b), also 
estimated the breeding population sizes of a number of Ficus species on Barro 
Colorado Island (Panama), by first establishing the number of sires of the seeds in 
samples of syconia. From the assumption that pollinator dispersal (Phase D) of the 
  7 
syconia of the sire trees lasted a week, and assuming uniform probability of that phase 
occurring, the breeding population sizes were calculated allowing for sampling errors, 
following Burnham and Overton (1979). The extents of areas needed to conserve 
these breeding populations were in turn calculated from the known low population 
densities to range from 106–632 km2. However, the estimated area was based on 
actual breeding population sizes, and should not be confused with some theoretical 
minimum sizes to be recommended for conservation. Yet again, phenological data 
and the stochasticity of the overlapping of reproduction were overlooked.  
Kjellberg and Maurice (1989) were the first to conceive of using stochastic 
models fitted with test reproductive phenological parameters. However, it was 
Bronstein et al. (1990), who popularized the use of actual reproductive phenological 
data in stochastic models. This opened the way for the application of the Minimum 
Viable Population (MVP) Concept of Shaffer (1981), which is specifically concerned 
with the stochasticities of processes contributing to extinction. MVP is defined as the 
population size required for ensuring 99 % survival of the population for 1000 years. 
Bronstein et al. (1990) also developed a shorter term analogue of the MVP, termed 
the Critical Population Size (CPS), for shorter durations and lower survival rates. The 
potential use of the predictions of the CPS and MVP in the recommendations for 
conservation was obvious, and they were quickly followed by Anstett et al. (1995), 
Anstett et al. (1997), and lastly Kameyama et al. (1999). Each later study offered 
significant improvements on the previous one, by accounting for seasonality, flexible 
extension of duration of the syconia receptivity to pollinators and even gynodioecy.  
However, it is questionable, if the large reserve sizes (200–200,000 ha) 
extrapolated from the stochastic models are practical (Mawdsley et al. 1998), even 
though they are at least one magnitude smaller than the estimated actual area occupied 
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by the breeding Ficus populations of Nason et al. (1998). The basis for doubt rests on 
the fact that “ecologically dead” Ficus species, which lost their pollinators through 
extinction, are uncommon, which is surprising given the history of fragmentation and 
degradation caused by human activities in the tropics (Whitmore and Sayer 1992). 
This suggests that any realistic MVP or CPS of a Ficus species needed for supporting 
its pollinator, must more often than not, have straddled across fragments of suitable 
habitats, integrated by its pollinators crossing great distances regularly. If this picture 
is accurate, it may explain why despite habitat loss, the extinction of Ficus pollinators 
has not been more common, with Ficus elastica Roxb. ex Hornem. being the only 
case named by Corner (1985). Unfortunately, this is yet to be established as fact 
owing to a dearth of phenological data for estimating CPS or MVP on one hand, and 
information on the efficacy of the pollinator dispersal for many Ficus species on the 
other. However, the observation by Compton and McCormack (1999) of the 
persistence of the Ficus-pollinator mutualism of Ficus prolixa J.R.Forster & 
G.Forster, even in the face of habitat degradation and loss of dispersal by mutualistic 
frugivorous birds, appear to support the robustness of the Ficus-pollinator mutualism. 
Even though pollinator extinction is a sufficient condition for the extinction of 
the corresponding dependent Ficus species, the 2006 IUCN Red List of Threatened 
Species does not make use of pollinator extinction or MVP in its criteria for 
evaluating the statuses of the 47 Ficus species listed (38 American, five African, three 
Asian and one Australian). In terms of numbers of individuals left, Ficus faulkneriana 
of Kenya and Tanzania (CR <50 ind.), Ficus laterifolia of Mauritius (CR <50 ind.) 
and Ficus muelleriana of Mozambique (EN <250 ind.) are very likely “ecologically 
extinct”. The preponderance of American species on the list, in the light of there being 
120 American species out of about 735 species of Ficus worldwide (Berg and Corner 
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2005), suggests that it is biased. However, in the lack of evidence to the contrary, it 
seems safe to assume that it corroborates the view that the Ficus-pollinator symbiosis 
is quite robust in the face of habitat fragmentation.  
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2.4 SEASONALITY AND INTRAPLANT SYNCHRONY 
The phenological behaviour of Ficus species has important consequences for 
frugivores dependent on these keystone taxa in tropical rain forests both in the Old 
and New Worlds (Leighton and Leighton 1983; Terborgh 1986; Lambert and 
Marshall 1991). Milton (1991) in a study of fruit and leaf production phenologies of a 
number of genera of Moraceae, added that this family may also be important for 
supporting animals which feed on their leaves.  
In discussing phenology, it is necessary to recognize that the subtlety in the 
use of the term. Phenology is defined by the Oxford English Dictionary online 
(Oxford University Press 2007) as “The field of science concerned with cyclic and 
seasonal natural phenomena, especially in relation to climate and plant and animal 
life.” Thus, a main theme of phenology is the recurrence of phenomena, which are 
often tied to seasons, dictated by prevailing climates, but could be used here in the 
broader sense to refer to their distribution over the solar year.  
Primack (1985) remarked, “One of the most striking aspects of natural history 
is the pattern of flowering, leafing out, and fruiting which occurs on annual cycles in 
most parts of the world.” Indeed, both leaf production as well as syconium production 
(encompassing flowering and fruiting) will be the subjects of this study. Primack 
(1985) also identified four levels of organization, namely the community, the 
population of a species, the individual and the flower. Dafni (1992) has refined the 
idea to include sexual organs within the flower and the phylogenetic aspect. 
Following the blossom (pollination unit) concept of Faegri and van der Pijl, (1966), 
one could also recognize that not just the flower, but subfloral structures and even 
inflorescences, as units effecting pollination.  
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Higher level organizations, above the individuals, may be relevant to the 
ecology of pollinators and frugivores, as they impinge directly on food availability. 
On the other hand, flowering events at the individual level and below would have 
genetic consequences for progenies in terms of inbreeding or outbreeding. It is 
important to note that even when autogamy (self-pollination in the same flower) is 
ruled out, allogamy could still occur within the same plants (geitonogamy) or between 
different plants (xenogamy) (Faegri and van der Pijl 1966). And it is not just the issue 
of timing but also amplitude, duration, peak, overlap and synchrony (Dafni 1992), 
which are relevant to the reproductive success or failure for a plant.  
Thankfully, the reproductive system of Ficus reduces the complexity of 
phenological studies substantially, by the confinement of the flowers within the 
protogynous inflorescences (syconia). Thus, relevant levels for consideration, 
excluding community, would include the population, the individual and the 
inflorescence. If synchrony holds within the individual, all the syconia on the plant 
would be in step, obliterating any distinction between the individual and 
inflorescence.  
On the topic of synchrony, it is quite a different matter at the population level 
from synchrony at the individual level. At the population level, aseasonality in 
reproduction would necessarily mean asynchrony between the timing of reproduction 
in different individuals. At the individual level, asynchrony may lead to staggered 
overlapping crops of syconia, which may allow the occurrence of self-pollination if 
pollinator emergence and syconium receptivity overlaps. However, in the case of 
gynodioecious Ficus species, the specialization of male (pollen and pollinator 
producing) function and female (seed producing) function in different individuals, 
rules out geitonogamy entirely.  
  12 
Also conceptually, it is possible for a Ficus species to be asynchronous at both 
levels. To reduce confusion, “aseasonality” would be reserved for usage at the 
population level and “asynchrony” at the individual. The same vocabulary would be 
retained in the discussion of non-reproductive phenologies such as those of leaf 
abscission, leaf production and leaf change.  
 
  13 
2.5 POTENTIAL POLLINATOR FLIGHT DISTANCES 
To date, there has only been indirect evidence for the actual and typical 
distances traveled by the pollinators. Long distances are theoretically possible owing 
to the following two-step process: 1) the special mode of dispersal of the pollinators 
combining passive wind dispersal, after gaining height, 2) the active-seeking out of 
suitable syconia and moving up-wind after losing height (Ware and Compton 1994 a 
and b), in response to species-specific olfactory stimulus postulated by Bronstein 
(1987). The olfactory nature of the attractant was later confirmed by the work of 
Hossaert-McKey and coworkers (1994). Compton and coworkers (2000) were later 
able to demonstrate using sticky traps that pollinators of Ficus species in the forest of 
Sabah also enter the faster flowing air above the canopy for wind-aided dispersal, 
even if the Ficus species are not from strata near the canopy.  
Evidence for long distant movement includes occasional reports of pollinators 
dispersing out of the native ranges of their Ficus species, to effect the pollination of 
planted individuals (e.g., pollinators of Ficus lutea Vahl was reported to have traveled 
500 km (Ware and Compton 1992) and of Ficus macrophylla Defs. ex Pers. was 
reported to have traveled 3000 km (Gardner and Early 1996)). However, these are 
probably not typical distances that the pollinators would cover.  
Another line of evidence comes from the re-establishment of pollinators after 
local extinctions have been brought about by natural disasters. An example was 
observed by Harrison (2000) when studying the phenologies of a number of eight 
monoecious and eight dioecious Ficus species from January 1997 to October 1998, 
brought about by a drought from January through April 1998 caused by the El Niño-
Southern Oscillation event of 1997/98. The pollinator recovery was almost immediate 
upon availability of receptive syconia for the monoecious species, compared to more 
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than six months for the number of dioecious species studied by Harrison (2000). 
Harrison (2003) and Harrison and Rasplus (2006), were able to explain it by the 
difference between the flight heights of the pollinators of monoecious versus 
dioecious Ficus species. Though one magnitude smaller than the exceptional 
dispersals beyond natural ranges, it sheds no more light on the typical flight distances 
of the pollinators.  
More evidence for long distance flight of pollinators comes from the reports of 
the establishment of the pollinators in newly established Ficus populations in natural 
succession. Thornton et al. (1996) reported of successful establishment of breeding 
populations of the genus on even more remote islands of Krakatau, 40 km from larger 
islands of Java and Sumatra. It is probable that long distances over open sea poses 
little problem for the efficacious pollinators of the genus. The population genetic 
study of two pollinators by Zavodna et al. (2005), which showed little genetic 
variation of the insular populations from those of coasts of main islands also 
corroborated this point.  
Last but not least, the flight distances could be calculated based on certain 
assumptions using known population densities. Nason et al. (1998) combined known 
population densities with the number of sires in reproductive events, obtained from 
paternity analysis, to estimate mean dispersal distances of 5.8–14.2 km. Mawdsley et 
al. (1998) likewise tried to extend estimations of minimum population size needed to 
sustain pollinator population of Ficus natalensis Hochstetter using stochastic model  
of Anstett et al. (1997) to other species, given a range of population density estimates, 
to arrive at forest reserves of 200–200,000 ha needed for conservation. The mean 
flight distances could then be similarly derived. It is conceivable that the plant 
densities for urban Ficus species, compiled by Corlett (2006) in Hong Kong, when 
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combined with reproductive phenological or paternity analysis data, could be put to 
similar use in an urban setting. Though this probably come closest to allowing one to 
estimate the typical distances covered by the pollinator wasps, it works best if uniform 
distribution in space is assumed, in which case mean, modal and median distances 
would coincide.  
There has not been any attempt to locate all putatively reproductive 
individuals within a geographical region and calculate flight distances based on the 
physical distances between these plants, the surest way to obtain the estimates. 
Therefore, this present study will not only be a first to estimate of the typical flight 
distances of the pollinator of Ficus, but the first to do so for a coastal and insular 
species, with highly clumped distribution of individuals in space. This is quite a 
departure from the forest or riparian Ficus species studied to date, which are 
postulated to have more even distributions of individuals over suitable habitats.  
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3 METHODS AND METHODS 
3.1 PRELIMINARY SURVEYS 
Initial surveys were conducted to ascertain the presence of Ficus superba 
saplings or trees in all parts of Singapore. Localities where plants were found included 
sites on Singapore Island: Bedok, Changi, East Coast Park, Nanyang Technological 
University campus, Singapore Botanic Gardens, Sungei Buloh Wetland Reserve and 
Western Catchment Area; and on other islands: Pulau Pawai, Pulau Sajahat, Pulau 
Sajahat Kechil, Pulau Sakijang Bendera (St. John’s Island), Pulau Sakijang Pelepah 
(Lazarus Island), Pulau Salu, Pulau Senang, Pulau Subar Darat, Pulau Subar Laut, 
Pulau Sudong, Pulau Tekukor, Pulau Tembakul (Kusu Island) and Pulau Ubin. 
Selected plants were marked for repeated phenological observation. All plants taller 
than 2.0 m were assigned adults, i.e. plants of reproductive age, otherwise they were 
classified as juveniles. 
 
Figure 1. Map of the Republic of Singapore showing the localities where plants of 
Ficus superba were inventoried. Map based on the U.S. Central Intelligence Agency’s 
Singapore (Political) 2005 map. 
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3.2 PHENOLOGICAL STUDY 
3.2.1 Localities 
Phenological data were obtained from weekly observation of trees: five adults 
(one cut down during observation period) in Bedok (BED), one adult from the 
Singapore Botanic Gardens (SBG), one adult from Nanyang Technological University 
(NTU) campus, nine (eight adults and one juvenile) from Pulau Sajahat (PSA) and ten 
adults and three juveniles form St. John’s Island (SJI). The observations started from 
the 28 September 2003 and last observation was made on 6 March 2005. The duration 
of the maximum overlap in observations between trees, lasting 58 weeks, was used to 
estimate population level parameters. The 29 plants phenologically observed are listed 
in Table 1. 
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Table 1. Plants observed for phenological study 







FS-PSA-A008 Pulau Sajahat Reproductive 60 Retained 
FS-PSA-A011 Pulau Sajahat Reproductive 60 Retained 
FS-PSA-A006 Pulau Sajahat Reproductive 60 Retained 
FS-PSA-A009 Pulau Sajahat Reproductive 60 Retained 
FS-PSA-A010 Pulau Sajahat Reproductive 60 Retained 
FS-PSA-A001 Pulau Sajahat Reproductive 60 Retained 
FS-PSA-A013 Pulau Sajahat Reproductive 60 Retained 
FS-PSA-A002 Pulau Sajahat Vegetative 60 Retained 
FS-PSA-J086 Pulau Sajahat Vegetative 60 Retained 
FS-SBG-A001 SBG Reproductive 75 Retained 
FS-NTU-A001 NTU Reproductive 65 Retained 
FS-BED-A002 Bedok Reproductive 64 Retained 
FS-BED-A003 Bedok Reproductive 64 Retained 
FS-BED-A001 Bedok Reproductive 64 Retained 
FS-BED-A004 Bedok Vegetative 12 Omitted 
FS-BED-A005 Bedok Vegetative 63 Retained 
FS-SJI-A017 St. John’s Island Reproductive 67 Retained 
FS-SJI-A016 St. John’s Island Reproductive 67 Retained 
FS-SJI-A015 St. John’s Island Reproductive 67 Retained 
FS-SJI-A019 St. John’s Island Reproductive 67 Retained 
FS-SJI-A023 St. John’s Island Reproductive 65 Retained 
FS-SJI-A029 St. John’s Island Reproductive 64 Retained 
FS-SJI-A026 St. John’s Island Reproductive 65 Retained 
FS-SJI-A020 St. John’s Island Reproductive 65 Retained 
FS-SJI-A001 St. John’s Island Vegetative 63 Retained 
FS-SJI-A018 St. John’s Island Vegetative 63 Retained 
FS-SJI-J029 St. John’s Island Vegetative 62 Retained 
FS-SJI-J031 St. John’s Island Vegetative 62 Retained 
FS-SJI-J023 St. John’s Island Vegetative 62 Retained 
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3.2.2 Reproductive Phenological Studies 
Twenty of the 29 plants studied phenologically reproduced during the 
observation period. The reproductive stage of each plant was scored from at least ten 
syconia collected whenever possible. A small subset of five plants from the Singapore 
Botanic Gardens and Bedok was surveyed at least three times weekly during 
reproduction when possible to obtain more information on the shorter lasting phases.  
The naming of developmental stages below follows Galil and Eisikowitch 
(1968a), while alternative names for the phases have been attributed to their 
respective authors. The reproductive phenology of Ficus follows these consecutive 
phases: 
1. Vegetative (interval between successive flowering (I) sensu Bronstein et al. 
1990): No syconia are found on the plant. 
2. A (Prefemale): Syconia have just initiated but are not yet receptive to wasp 
pollinators.  
3. B (Female) (receptive sensu Harrison 1996, cited by Kameyama et al. 1999) 
phase: Syconia on plants are attractive to Agaonidae wasp pollinator. The wasps 
will enter the syconia at this stage and pollinate the mature female flowers and 
oviposit in some of them.  
4. C (Interfloral) (development time of the wasps and seeds sensu Bronstein et al. 
1990): The progeny of the pollinator and the seeds of the plant develop in the 
syconia. 
5. D (Male) (emergence sensu Harrison 1996, cited by Kameyama et al. 1999): The 
male wasps mate with female wasps before they emerge and disperse through 
tunnels made by the male wasps carrying the pollen produced by the mature male 
flowers to available Phase B syconia. 
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6. E (Postfloral): After the dispersal of the wasp pollinator, the syconia may change 
colour and soften. This may increase their attractiveness to frugivore dispersers. 
The convention of Galil and Eisikowitch (1968a) will be followed in this study 
with some modifications as detailed in Table 2 with criteria for diagnoses of the 
phases and further subdivisions in some cases. 
Before the syconia were dissected and phases diagnosed, each syconium was 
measured transversely at its widest diameter. The syconia for each of the phases 
mentioned above were pooled for the calculation of mean diameter and variance (or 
standard deviation). Pooling at the finer levels such as individual reproductive events 
was also done for the phases of interest.  
Each reproductive event was scored as either big or small, based on the 
number of syconia initiated at Phase A. If less than 10% of full capacity of syconium 
production was reached, it is scored as a small event, if otherwise as a big event. 
Reproductive failure or success of each event was also noted. An event is considered 
a failure if it did not culminate in Phases D or E. A category of near-failures was also 
recognized, when abscission of more than 90% of any given crop of syconia was 
observed. The abscised syconia were often unpollinated syconia.  
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Table 2. Criteria for the diagnoses of developmental phases of syconia. 
Phase Criteria 
Phase A Size of ovaries below half the size of mature ovaries of phase B. The 
ostiolar scales may be either tightly closed or rarely loosely 
overlapping. 
Phase B Presence of ovaries of half to full size of this phase, with loose 
ostiolar scales. This set of criteria has to be used as no live pollinator 
wasps were available to test for the syconium’s receptivity to 
pollinators, e.g. in the case of Bronstein (1987), who had pollinators 
at hand to correlate syconium diameters with the receptive phase. 
Phase Bc  
(B closed) 
Closure of the ositole by scales not apparently bruised by entry of 
the wasp pollinator often accompanied by the senescence of the 
ovaries at the later part of the phase. They may persist and enlarge 
for some time and are effectively vegetative parthenocarpic sensu 
Galil and Eisikowitch (1968a). 
Phase Bw  
(B with 
wasps) 
Presence of the pollinator (sometimes alive) within syconium, and 
ostiole still open with loose scales allowing entry of any available 
pollinator wasps. The ositiolar scales and synstigmata are usually 
bruised by the action of the pollinator pollinating and ovipositing the 
syconium. It can be assumed with certainty that a syconium showing 
these characteristics is definitely receptive to pollinators, i.e., bona 
fide Phase B. 
Phase C It collectively refers to Phases Ch, Cc and Cp (see below). Some 
syconia that are deficient of seeds and/or have abnormal gall 
development, but are classified as this phase by virtue of the 
presence of pollinator action. They may be labeled as Phase C seeds 
only, C no seeds or C sterile etc. 
Phase Ch  
(C cavity 
hollow) 
Ostiole tightly closed by scales bruised by pollinator entry, ruling 
out entry by fresh pollinators, and the pollinator(s) present in 
syconium, usually dead. The lumen of the syconium is spacious, as 
the ovaries have not enlarged following pollination and oviposition. 
The synstigmata are bruised. This is considered the early part of 
Phase C. 
Phase Cc  
(C cavity 
closing/closed) 
Ostiole and synstigmata as in Phase Ch. Wasp pollinator, if present, 
dead and often crushed by the closure of the lumen caused by the 
growth of the ovaries. This is considered the middle part of the 
whole Phase C. 
Phase Cp (C 
pupal) 
Ostiole, synstigmata and lumen as in Phase Cc, or alternatively, the 
lumen could be opening up after closure. The pupae within the galls 
and the seeds within each fruit are discernable. This is considered 
the late part of the whole Phase C. 
Phases Ch0 
and Cc0 
Similar to Ch and Cc but showing no sign of pollinator entry 
evidenced by the bruising of the ostiolar scales and synstigmata or 
presence of dead female pollinators. They are suspected to be owed 
to vegetative parthenocarpy or parasitic sycophilous wasp 
stimulated parthenocarpy sensu Galil and Eisikowitch (1968a). The 
ovaries may be undeveloped and atrophied in the former case. In the 
latter case, the galls are not noticeably oversized and seeds usually 
not present. However, some syconia with seeds only may be 
classified as such as no evidence of pollinator action can be found. 
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Table 2. (Continued) Criteria for the diagnoses of developmental phases of syconia. 
Phase Criteria 
Phase D, D 
dead, D no 
male and D 
no female 
Adult wasp pollinators have emerged from the galls and are active, if 
not already so, becoming active following the dissection of the 
syconium. The males may or may not have tunnelled through the 
ostiole and females dispersed. If dispersed, some live males or 
undispersed females are present, marking this phase from Phase E. 
Some syconia were observed with all males or females broods. In the 
latter case, failed dispersal may lead to dead pollinators trapped 
inside intact syconia. If the pollinators are alive, the syconium is 
classified as Phase D. If for this or other reasons pollinators are dead 
prior to dispersal, the syconium is classified as Phase D dead, which 
is thought to be synonymous with Phase E for syconium 
development. If the absence of males or females is observed, it is 
noted accordingly as Phase D no male or Phase D no female. 
Phase E and 
E germ 
All female pollinators have dispersed and there is no live male 
present. The syconium may have changed colour from light green to 
cream or black. In persistent, uneaten syconia, seeds may even 





The syconium shows no evidence of wasp pollinator activity or 
development induced by the pollinator and is in this respect similar 
to Cc0 and Cp0. Oversized galls are present. The ‘X’ is replaced 
with a letter indicating the closest analogous phases in a normally 
developing pollinated syconium. The syconium may be carried to the 
full duration of the reproductive period and are suspected to be 
stimulated parthenocarpic sensu Galil and Eisikowitch (1968a).  
Phases X 
sterile, X 
seeds only, X 
dead, X galls 
They refer to phases morphologically similar to Phase X, where ‘X’ 
refers to any of the normal phases described above, in which neither 
seed nor wasp (pollinator or non-pollinator) developed (X sterile), 
only seeds developed (X seeds only), pollinator or other wasps failed 
to survive and emerge from galls or disperse (X dead), or marked by 
the presences of very large galls (X galls) 
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3.2.3 Leaf Production and Abscission Phenological Studies 
The leafing stages were also noted for the 28 plants retained for the whole 
reproductive phenological observation. The stages are as follow: 
1.  Leaf change was considered to have occurred when 90% or more of leaves on a 
plant is shed to be followed by new leaves unfolding. 
2. Leafing, inclusive of intermittent leaf production, was noted when new leaves, 
obvious from their reddish colour were present in young leaves and freshly 
abscised stipules were observed. 
3. Leaf loss was noted when leaves were seen turning yellow or brown during 
senescence and being abscised. Often a thick layer of leaf litter would accumulate 
on the ground under the plant.  
The number of leaf change events and the number of days of leafing and leaf 
loss were noted for each plant during the observation period. 
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3.2.4 Seasonality of Phenologies 
  To test for the seasonality of the leaf production, abscission and reproduction, 
the phenological data were analyzed as circular data following Batschelet (1981). 
Firstly, 52 weeks of continuous phenological data were chosen. Each week, the 
numbers of individuals exhibiting the leafing or reproductive stages of interest were 
noted. For each, a week’s observation was treated as a vector in a 1/52 sector of a 
circle, whose unit length corresponds to number of individuals at that stage. The 
vectors were summed up over the entire year to give the resultant vector. The peak 
occurrence of a phase in the year could be estimated from the angle of the resultant 
vector (φ). The mean magnitude (r) of the resultant vector was used for the Rayleigh’s 
Test to detect significant departure from random distribution. The test statistic is 
calculated from the total number of events observed (n) and the mean magnitude (r) 
according to Batschelet (1981): 
2nrz =  
Week 1 was set to start on 30 Nov 2003, a Sunday, ensuring that each subsequent 
week also starts on a Sunday. 
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3.3 COLLECTION OF POLLINATOR AND NON-POLLINATOR WASPS 
Each syconium at Phase D was dissected open longitudinally and placed in a 
transparent container secured with a non-airtight cap and inverted to lure the 
pollinator and other insect fauna away from the rim. Once they were judged to have 
mostly emerged from the syconium, 90% ethanol (v/v) was poured into the container 
to kill and preserve the syconium and insects. The insects and syconium were stored 
separately. The storage in ethanol is recommended by Wiebes (1982) for ease of later 
identification.  
 Dr Rhett D. Harrison kindly helped with the identification of the wasps during 
a short stopover in Singapore on 19 May 2005. Boucek (1988) and Wiebes (1994) 
were consulted as references for the identification of the chalcid non-pollinator wasps 
and agaonid pollinator wasp respectively.  
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3.4 CROP QUALITY AND POLLINATORS PER SYCONIUIM 
Owing to the resource constraints of the study, detailed information such as 
numbers of galls, seeds, pollinators and non-pollinators per syconium and crop were 
not noted as by Corlett et al. (1990) or Wang et al. (2005). Event details noted here 
were restricted only to the level of the reproductive event, thus a direct comparison 
may not be made against these detailed studies, though it could still offer a first look 
at the general qualities of crops in Ficus superba.  
Some terms have to be clarified before the results could be collected, 
presented and discussed. First, the descriptions of types of syconia are provided in 
Table 3 below. The proportion of syconia each type in an event is calculated as 
described to ensure that comparable syconia are used, and thus avoid under- or over-
representing each type in the sample. However, even if the aims could not be 
achieved, the standardization would allow for comparison between events. 
Table 3. Categories of syconium and criteria.  
Type of syconium Criteria 
Failed female It is synonymous with the Phase Bc syconium. The proportion of 
failed females in an event is calculated against the total number 
of syconia collected over the period in which the Phase Bc 
syconia were reported.  
Failed pollination  The syconium contains only galls and no seeds. It is unlikely the 
result of failed pollination by the pollinator, as normal pollinator 
development requires pollination unlike in the case of 
parasitization by sycophiles (Galil et al. 1970). The calculation 
of proportion of this syconium type is made against the total 
number of syconia collected during the same period such 
syconia were collected. 
Failed oviposition  The syconium has seeds and no galls or developing wasps. 
Examples of developmental phases that correspond with it 
include Cc0 seeds and Cc seeds only. The calculation of 
proportion of this syconium type is made against the total 
number of syconia collected during the same period such 
syconia were collected. 
Failed oviposition 
and pollination  
The syconium has neither seeds nor wasps, and is considered to 
be different from Phase Bc syconium by the evidence that it has 
been entered by a pollinator wasp. Phases considered to contain 
such syconia included Ch sterile and Cc sterile. The calculation 
of proportion of this syconium type is made against the total  
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Table 3. (Continued) Categories of syconium and criteria.  
Type of syconium Criteria 
 number of syconia collected during the same period such 
syconia were collected. 
Failed emergence  In such a syconium, wasps were seen dead in galls and this 
corresponds with Phase Cp dead. The calculation of proportion 
of this syconium type is made against the total number of 
syconia collected during the same period such syconia were 
collected. 
Male only  In such a syconium, only male pollinator wasps were observed 
to emerge from the galls. The calculation of proportion of this 
syconium type is made against the total number of Phase D 
syconia. 
Female only  In such a syconium female pollinator wasps were observed to 
occur in the absence of males. As there is no exit hole for these 
wasps in the absence of males, they are often found dead before 
they can disperse. The calculation of proportion of this syconium 
type is made against the total number of Phases D and E 
syconia. 
Failed dispersal  It is different from Female only syconia, as pollinators failed to 
exit the syconium and died in it may not be caused by an all 
female sex-ratio. It could be reported as Phase Cp dead. The 
calculation of proportion of this syconium type is made against 
the total number of Phases D and E syconia. 
Camarothorax  Oversized galls are regarded as a sign that Camarothorax 
species have oviposited there whether the wasps were observed 
or not. Using the syconium developmental phase terminology, it 
could be Phase X galls (with sign of pollinator) or Px (without 
sign of pollinator), where X denotes the phases detailed in the 
methodology for reproductive phenological studies. The 
calculation of proportion of this syconium type is made against 
the total number of syconia collected during the same period 
such syconia were collected. 
Apocryptophagus  Unlike the case of Camarothorax species, it is not apparent from 
gall size alone if Apocryptophagus species are in the galls. Thus, 
their presence could only be confirmed late in the development 
of the syconium, when they emerged form the galls or late in the 
pupal development. Apocryptophagus species have been 
observed both in the absence and presence of the pollinator and 
are recorded noting the distinction. The calculation of proportion 
of this syconium type is made against the total number of 
syconia collected during the same period such syconia were 
collected. 
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3.5 DEMOGRAPHIC STUDY 
Every Ficus superba individual encountered was noted for height, diameter at 
breast height (dbh), crown width at the widest whenever possible. However, in some 
cases, a lack of a clear sight of the crown prevented measurement. In other cases, the 
dbh could not be realistically measured because the plants in question are non-free-
standing, multi-stemmed or whose roots have not coalesced to form a defined ‘trunk’. 
Other relevant information noted included life-form. A plant was considered free-
standing, if it was in direct contact with soil substrate and not growing on other plants, 
rocks or other structures for support. A plant growing on another plant it would be 
considered an epiphyte, and if it were growing on natural rocks or human-made 
masonry, concrete structures and other equivalents, a lithophyte. The host species of 
the epiphytes were identified if possible.  
The plant would also be assigned tentatively a reproductive or juvenile status, 
unless syconia were seen on it proving it undoubtedly to be reproductive. Plants as 
short as two meters have been observed to bear syconia (Tan, H.T.W. unpublished), 
therefore plants of this height or taller would be considered reproductive.  
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3.6 LOGISTIC REGRESSION 
The Logistic Regression Model was constructed based on a sample of 50 
plants, which were inclusive of those used for a proper phenological study, plants not 
included in the study but seen regularly over the whole duration of the study, and 
plants seen bearing syconia at least once during the census and thus known to be 
reproductive.  
Plant height and life form were chosen as explanatory variables, as these were 
unfailingly noted as part of the demographic study. XLSTAT 2007 (Addinsoft Inc.) 
was used with the following setting for the Logistic Regression: Model: Logit, 
Constraints: a1 = 0, Confidence interval: 95%, Iteration = 100, Convergence = 
0.000001, Maximization of likelihood function using Newton-Raphson algorithm.  
The model was used to predict if the plants inventoried were putatively 
reproductive or juvenile. The predictions were compared with the original 
assignments. 
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3.7 POTENTIAL POLLINATOR FLIGHT DISTANCES 
 Estimation of potential pollinator flight distances started with the assumption 
that all plants that are assigned and predicted reproductive have equal probability of 
reproducing. This is justified by a phenological study found in the same thesis, which 
found that reproduction was aseasonal, i.e., asynchronous between plants. Making the 
assumption that pollinator dispersal is not limited by the distance, potential pollinator 
flight distances, can be simply derived from counting all the pair-wise distances of 
possible pollen flow. Even in cases where reproduction occurs between more than two 
plants, by assuming that no receptive plant can be a perfect sink for all pollinators, no 
further special consideration is necessary.  
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4 RESULTS  
4.1 PHENOLOGY 
In the 58 weeks of observation, 83 reproductive events were recorded. Of 
these, 76 were complete from the start till the end, and in 81 events the initiations of 
reproduction were noted. Of the complete events there were three female failures 
(3.95% of the events with no pollinated syconia observed) and two male failures 
(2.63% with no Phase D syconium observed), and seven mass abscission of syconia 
(9.21%). The mass abscissions were taken to represent reproductive near-failures or 
failures.  
Of the abscissions, only one was associated with a female failure (a failure of 
pollination), and another, a male failure (a failure of pollinator emergence and 
dispersal), i.e., they consist of six near-failures, with one being a near-failure in the 
female function leading to apparent male failure, and one female failure. The other 
suspected male failure, was a rather special case being a one-syconium event (only 
one in the tree), and therefore considered separately from abscission events.  
Pooling all events, inclusive of those outside the 58 weeks of phonological 
observation, were 22 small events (i.e. reproductive events in which less than 10% of 
the maximum capacity of syconium initiation were realized) observed, of which three 
were failures and one near-failure. Fisher’s Exact Test was performed to see if the 
small events, compared to the big events, were more prone to produce failures or 
failures and near-failures:  
 Small event Big event Subtotals 
Success (Success - near-Failures) 19 (18) 62 (58) 81 (72) 
Failure (Failures + near-Failures) 3 (4) 2 (6) 5 (10) 
Subtotals 22 (22) 64 (64)  
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However, the results failed to reject the null hypotheses of there being no difference 
between big or small events in their numbers of near-failure (one-tailed p= 0.227) or 
failures (one-tailed p= 0.103).  
For the three plants from Bedok (BED) and one from the Singapore Botanic 
Gardens (SBG), 12 events were observed. For these observations, at least three times 
weekly observations could be carried out. Together with the weekly observations, 
estimates of population parameters such as durations of Phases A, B, Bw, Ch, Cc, Cp, 
C, D, E, E≥10% (a special designation of Phase E retaining at least 10% of the total 
crop), E germ, and duration of the interval between two consecutive reproductive 
phases were made and are tabulated in Table 4. On the whole, there seems to be good 
agreement between the values obtained by finer (thrice per week) and coarser (once 
per week) observations.  
A Smith-Satterthwaite Test was performed on the mean durations of all 
comparable phenological phases, and showed that there was no significant difference 
(p> 0.05) between the thrice weekly observations compared to weekly ones. 
During the course of the phenological observations, it was noted that tree FS-
PSA-A001 of Pulau Sajahat showed asynchrony in leafing as well as reproductive 
events. For the leafing phenology, it was the only reproductive tree which did not 
show a single leaf change, as it did not qualify by showing synchronized leaf loss 
(≥90% of crown) followed by leafing. Smith-Satterthwaite Test was performed to 
compare reproductive phase durations of FS-PSA-A001 and those of the rest of the 
population, with results shown in Table 5. 
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Table 4. Estimates of population various reproductive phenological phase duration. 
Based on 3 × weekly 
observations 
Based on weekly 
observations 






















0.642 83 α>0.1 




0.772 76 α>0.1 
Bw 5.00 ± 4.57 
0.714 ± 
0.653 10 - - - 
Bc 15.9 ± 6.21 
2.27 ± 
0.887 9 - - - 
Ch 3.56 ± 2.70 
0.509 ± 
0.386 9 - - - 
Cc 17.8 ± 4.66 
2.54 ± 
0.666 10 - - - 
Ch + Cc 18.3 ± 4.37 
2.61 ± 
0.624 10 - - - 
Cp 7.6 ± 4.88 
1.09 ± 
0.697 11 - - - 




0.795 66 0.05<α<0.10 




0.832 63 α >0.1 




1.42 65 α >0.1 
E germ 42.0 ± 15.6 
6.00 ± 
2.23 2 - - - 













7.39 67 α>0.1 
 
It can be seen from Table 5 that FS-PSA-A001 has a significantly longer 
Phase A than that of the other trees. However, the results were not significantly 
different for Phases C and D except for the alternative hypothesis of inequality. 
However, overlapping of Phases B and D within any tree was very rare. Overlapping 
of Phases B and D occurred only once in FS-SJI-A019, which was not noted to have 
protracted reproductive phases like that of FS-PSA-A001. Thus, there appears 
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generally to be good synchrony and spacing of reproductive events within a tree 
minimizing self-pollination.  
Table 5. Smith-Satterthwaite Test of the differences in reproductive phenological 
phase durations of FS-PSA-A001 (μ1) versus the rest of the population studied, 
excluding observations of the individual FS-PSA-A001 (μ2). 
Alternative Hypothesis Phase Test Statistic t’ Degree of Freedom v μ1 > μ2 μ1 ≠ μ2 
Interval 
not V 
0.117 3 α>0.1 ns α>0.1 ns 
A 3.229 3 α<0.025 sig α<0.0125 sig 
B 0.684 3 α>0.1 ns α>0.1 ns 
C 1.899 3 0.05<α<0.1 ns α<0.05 sig 
D 1.969 3 0.05<α<0.1 ns α<0.05 sig 
E≥10% 0.167 3 α>0.1 ns α>0.1 ns 
E 0.463 3 α>0.1 ns α>0.1 ns 
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4.1.1 Circular statistic analysis for seasonality 
Leaf change phenology was first examined. All the 28 plants showed leaf 
change, except for five individuals: FS-PSA-A001, FS-BED-A005, FS-SJI-A018, FS-
SJI-J023, and FS-SJI-A031. On examining Figure 2, the events appear to clump in 
two groups around Week 14 (2 Mar 2004) and Week 48 (26 Oct 2004). The mean 
resultant vector assuming bimodal distribution was significant at p<0.05. This means 
that leaf change is probably seasonal, and according to with modes at around Week 4 




























Figure 2. Number of leaf change events each week in 28 trees. 
 
Distribution of leafing and leaf loss were as shown in Figure 3. All the 
observed plants had leafing and leaf loss events. They usually occurred in a given 
plant intermittently over several weeks. Leafing has strong support for both unimodal 
and bimodal seasonality (p<0.01). However, the test statistic for the former is greater 
suggesting a stronger support for the unimodal distribution. 























Figure 3. Number of leafing and leaf loss events each week for 28 trees. 
 
Examination of the graph suggests a peak leafing occurring at Week 24 (11 
May 2004). From the resultant vectors, dates assuming unimodal peak was placed at 
Week 21 (20 Apr 2004).  
Leaf loss events from the graph also appeared to have a bimodal distribution 
with two peaks at Week 13 (24 Feb 2004) and Week 44 (28 Sep 2004). There was 
also clear support from Rayleigh’s Test for bimodality (p<0.001) with peaks of the 
resultant at Week 52 (23 Nov 2004) and Week 26 (25 May 2004).  
Reproductive phenology was examined at several phases. They included the 
initiation phase of syconium production, the initiation of Phase B, occurrence of 
Phase B, the initiation of Phase D, the occurrence of Phase D, the initiation of Phase E 
and occurrence of Phase E≥10%, with 10% or more of the crop still retained.  
For the initiation of syconium production, it could be seen from Figure 4 that 
it the peaked at around Week 15 (9 Mar 2004). However, Rayleigh’s Test failed to 
show any significant difference from uniform distribution. Thus it appears that the 
initiation of syconium production does not show strong seasonality. 





























Figure 4. Number of plants initiating of reproduction in 20 trees. 
 
The initaition of Phase B as seen from Figure 5 has a peak at around Week 19 
(6 Apr 2004). Rayleigh’s Test showed the resultant vector to be non-significant with a 
peak at around Week 10 (3 Feb 2004). Thus, there appears to be no seasonality, just 
as in the case of syconium production. 
The occurrence of Phase B similarly showed a peak in Figure 5 at around 
Week 21 (20 Apr 2004). However, this time there appears to be support for a 
unimodal seasonality (p<0.01) with a peak at Week 10 (3 Feb 2004). The 
disagreement of this result with the earlier one could have been owed to the extended 
duration of Phase B observed during certain parts of the year. However, as this has 
been a short study, it is not known if the extended Phase B is a periodic occurrence. 





















Figure 5. Number of plants initiating and exhibiting Phase B syconia in 20 trees. 
 
From Figure 6, the initiation of Phase D and its general occurrence have 
unimodal peaks at about Week 12 (17 Feb 2004) and Week 17 (23 Mar 2004), 
respectively. However, Rayleigh’s Test failed to find support (p>0.1) for the 
hypotheses for seasonality. There appears to be no seasonality for Phase D initiation 
or its general occurrence, in line with the aseasonality of the initiation of syconia and 
initiation of Phase B. 
According to Figure 7, the initiation of Phase E and the occurrence of Phase 
E≥10%, have unimodal peaks at Week 22 (27 Apr 2004) and Week 18 (30 Mar 2004), 
respectively. Rayleigh’s Test showed the resultant vector for the initiation of Phase E 
to be non-significant. However, there was strong support (p<0.02) for the resultant 
vector of Phase E≥10% having a peak at Week 14 (2 Mar 2004).  
The seasonality of Phase E≥10%, conflicted with the apparent aseasonality of 
the initiation of Phase E. The prolonged persistence of syconia of Phase E during 
certain periods of the study could have resulted in this.  

















































  40 
In conclusion, the results showed an overall aseasonality in the initiation of 
syconium production events and their phases, except the general occurrences of 
Phases B and E≥10%. Seasonality was also apparent in the leafing, leaf loss and leaf 
change events. They are summarized in Table 6. 
Table 6. Results of Rayleigh’s Test for uniform distribution. 










unimodal 76 0.149 
1.078c (20 Jan 
2004) 
9 Mar 
2004 1.690 ns 
B start, unimodal 69 0.202 
1.208c (3 Feb 
2004) 
6 Apr 
2004 2.805 ns 
B, unimodal 107 0.249 
1.235 c (3 Feb 
2004) 
20 Apr 
2004 6.617 <0.01 
D start, unimodal 52 0.157 
2.223c (30 Mar 
2004) 
17 Feb 
2004 1.279 ns 
D, unimodal 68 0.173 
2.118c (23 Mar 
2004) 
23 Mar 
2004 2.036 ns 
E start, unimodal 62 0.137 
2.227c (30 Mar 
2004) 
27 Apr 
2004 1.167 ns 
E≥10%, unimodal 98 0.212 
1.800c (2 Mar 
2004) 
30 Mar 
2004 4.405 <0.02 
Leaf change, 
bimodal 30 0.317 
0.529c (22 Dec 
2003, 22 Jun 
2004) 
2 Mar, 26 
Oct 2004 3.032 <0.05 
Leafing, unimodal 401 0.115 
2.568c (20 Apr 
2004) 
11 May 
2004 5.275 <0.01 
Leafing, bimodal 401 0.103 
0.496c (9 Dec 
2003, 8 Jun 
2004) 
6 Apr, 10 
Aug 2004 4.227 <0.01 
Leaf loss, bimodal 307 0.209 
0.117c (23 Nov 
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4.2 RELATIONSHIP BETWEEN LEAF CHANGE AND INITIATION OF SYCONIUM 
PRODUCTION 
A relationship was expected between initiation of syconium production and 
leaf change, as it was noted from general observations that leaf change often 
preceded, and more rarely followed, initiation of syconium production by a week. 
Prior to testing the relationship statistically, the idea of the association of the two 
events needs to be clarified.  
Firstly, an initiation of syconium production event is considered to be 
associated with a leaf change event if it happens from a week before leaf change to 
two weeks after it. Therefore, a four-week window exists around a leaf change event 
for syconium initiation to occur.  
Similarly, there exists a four-week window around each syconium initiation 
event for an associated leaf change to occur. The total number of four-week windows 
available for the 20 plants over the 55 week of phenological observation, used for the 
study of the relationship between leaf change and syconium production, worked out to 
275.  
The expected number of initiation of syconium production events associated 
with leaf change events, and leaf change events associated with syconium initiation 
events, could then be calculated from the total number each type of event in 
proportion to the total number of four-week windows. χ-squared test results are shown 
in Table 7. It is found to be significant in both cases, and can be concluded that leaf 
change and initiation of syconium production are strongly linked.  
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Table 7. χ-squared test for the association between leaf change and initiation of 
syconium production based on 55 weeks of contiguous phenological observation. 
Associated 
reproductive Leaf change Non-leaf change χ -squared, df = 1 
Expected 9.64 68.36 
Observed 30 48 49.0 (α<0.005) 
Associated 
leaf change Syconium Initiation 
Non-Syconium 
Initiation χ -squared, df = 1 
Expected 9.64 24.36 
Observed 30 4 60.0 (α<0.005) 
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4.3 RELATIONSHIP BETWEEN PHASES AND DIAMETERS OF SYCONIA 
Samples of syconia at each phase of development from all reproductive events 
were pooled, and the mean diameter and standard deviation of each phase calculated 
as in Table 8. The mean diameters of syconia of different phases for normal 
development were generally found to rank as expected by their developmental order. 
However, Phase Ch was found to be slightly larger than the Cc that was supposed to 
follow it.  
Table 8. Mean diameters of syconia of various phases from 20 trees of all phases in 
descending order. 
Phase Mean (cm) Standard Deviation (cm) n 
E 2.204 0.205 1079 
E germ 2.156 0.208 56 
D 2.080 0.218 322 
E galls 2.066 0.219 103 
D dead 2.055 0.207 55 
Cc0 seeds 2.000 0.141 9 
Pe 1.962 0.220 33 
D galls 1.955 0.128 10 
Cc seeds only 1.874 0.192 104 
Ch sterile 1.859 0.217 11 
Cp 1.840 0.191 326 
Pd 1.830 0.140 15 
Ch 1.814 0.213 127 
Pb 1.804 0.194 42 
Cp dead 1.800 0.156 9 
Pch 1.799 0.211 81 
Cc 1.749 0.180 1430 
Cc0 1.725 0.190 50 
Bw 1.696 0.232 249 
Cp galls 1.693 0.156 38 
Cc sterile 1.685 0.106 26 
Cc galls 1.682 0.156 147 
Bc 1.680 0.206 545 
Pcc 1.660 0.168 58 
B 1.634 0.201 1255 
A 1.068 0.253 254 
 
Smith-Satterthwaite Tests of significant difference were performed on some 
pairs of mean diameters of the normal developmental phases, without needing to 
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assume equality of variances of the phases compared. The results were tabulated as 
shown in Table 9.  
Table 9. Smith-Satterthwaite Test for significant differences in mean diameters of 
syconia in normal developmental phases. 
Comparison |t'| degrees of freedom Significance (1-tailed) 
A vs. B 33.563 320.8 p<0.0005 
B vs. Bw 3.955 326.1 p<0.0005 
B vs. Bc 4.424 1012.6 p<0.0005 
Bc vs. Bw 0.928 433.2 ns 
Bw vs. Cc 3.462 302.1 p<0.0005 
Cc vs. Ch 3.322 142.4 p<0.001 
Ch vs. Cp 1.180 209.2 ns 
Cc vs. Cp 7.791 465.5 p<0.0005 
Cp vs. D 14.929 632.7 p<0.0005 
D vs. E 9.062 502.8 p<0.0005 
 
Significant differences were found between all consecutively ranked phases 
except the pairs of Phases Bc and Bw, and Phases Ch and Cp. It also showed that 
Phase Cc was significantly smaller than Phases Ch and Cp, while confirming that 
Phase Bc, considered the termination stage for failure of pollination, had similar mean 
diameters compared to Phase Bw at which the pollinator first entered the syconium.  
Another interesting trend in mean diameters was that syconia from abnormal 
phases of development such as Phases E germ (ns), E galls (sig), D dead (ns), Pe (sig), 
D galls (ns), Pd (sig), Cp dead (ns), Pch (ns), Cc0 (ns), Cp galls (ns), Cc sterile (ns), 
Cc galls (ns) and Pcc (ns) were significantly (sig) or non-significantly (ns) smaller 
than those of their corresponding normal phases. This suggests that parasitism, 
parthenocarpy, failed dispersal and viviparous germination were somewhat related to 
stunted syconium development.  
On the other hand, mean syconium diameters of Phases Cc0 seeds (sig), Cc 
seeds only (ns), Ch sterile (ns) and Pb (sig) were larger than those of the 
corresponding normal phases. This observation suggests that these syconia had grown 
beyond the phases which they were compared to. Thus, Phase Cc0 seeds may be 
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developmentally closer to Phase D, while Phases Cc seeds only, Ch sterile and Pb are 
closer to Phase Cp. 
It also showed that mean syconium diameters of Phases D galls, Pd, Cp dead 
and Cc seeds only were significantly smaller than those of Phase D. However, mean 
syconium diameters of Phase Cp dead were not significantly smaller than those of 
Phase Cp, while those of Phases Cc seeds only and Ch sterile were not significantly 
larger than those of Phase Cp. Thus, the mean syconium diameters of these abnormal 
phases fell short of those of Phase D and were more similar to those of Phase Cp in 
size.  
The mean syconium diameters of Phases Cp galls, Cc sterile, Cc galls, Pcc 
were significantly smaller than those of Phases Cp and Cc, while those of Phase Pb 
was significantly larger than those of Phases Bc and B. This observation suggests that 
the C-related phases and B-related abnormal phases were either stunted or advance 
respectively for the corresponding normal phases.  
The mean syconium diameters of Phase E germ were not found to be 
significantly smaller than those of Phase E. It was also shown that mean syconium 
diameters of Phases E galls, D dead and Pe were significantly smaller than those of 
Phase E and that those of Phases D dead and Cc0 seed were not significantly smaller 
than those of Phase D. They were in fact quite close to those of the normal Phase D in 
size.  
From the results, it can be suggested from the mean syconium diameters that 
most of the abnormal phases were probably stunted, while the remaining few 
exceptions could be wrongly designated based on morphology to phases which they 
had in fact grown past. However, to test these hypotheses, a systematic measurement 
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of syconium growth over the full duration reproductive phase is required but which 
was not carried out in this study. Table 10 shows the details.  
 
Table 10. Smith-Satterthwaite Test for significant differences in mean diameters of 
syconia in the abnormal developmental phases compared to relevant normal phases. 
Comparison |t’| degree of freedom 
Significance (1-
tailed) 
E vs. E germ 1.670 60.7 ns 
E vs. E galls 6.153 119.7 p<0.0005 
E vs. D dead 5.226 59.5 p<0.0005 
E vs. Pe 6.219 33.7 p<0.0005 
D vs. D dead 0.841 76.0 ns 
D vs. Cc0 seeds 1.646 9.1 ns 
D vs. D galls 2.963 10.7 p<0.001 
D vs. Pd 6.563 17.3 p<0.0005 
D vs. Cp dead 5.242 8.9 p<0.0005 
D vs. Cc seeds only 9.191 195.6 p<0.0005 
Cp vs. Cp dead 0.748 8.7 ns 
Cp vs. Cp galls 5.334 50.8 p<0.0005 
Cp vs Cc seeds only 1.588 172.5 ns 
Cp vs. Ch sterile 0.293 10.5 ns 
Cc vs. Cp galls 2.175 39.7 p<0.025 
Cc vs. Cc sterile 3.050 27.7 p<0.005 
Cc vs. Cc galls 4.899 188.3 p<0.0005 
Cc vs. Pcc 3.942 62.4 p<0.0005 
Cc vs. Cc0 0.896 52.1 ns 
Ch vs. Pch 0.512 171.6 ns 
Pb vs. Pch 0.126 89.4 ns 
Bc vs. Pb 3.952 48.4 p<0.0005 
B vs. Pb 5.568 44.0 p<0.0005 
 
There may have been subjectivity in the assignment of Phase B based solely 
on the morphology of syconia. An attempt was made to compare the mean syconium 
diameters of from different reproductive events at Phases B, Bw and Bc. There are 
significant differences in mean syconium diameters of any one phase among events 
within the same phase (Please refer to Appendix for details). This suggests that there 
was continual growth of the syconia during receptivity (Phases B and Bw) and even 
past receptivity (Phase Bc).  
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More importantly, the mean diameters of Phase Bw syconia from different 
events were spread over a range of values overlapping mostly with those of Phase B 
from different events. Smith-Satterthwaite Tests were conducted to test for significant 
differences between pairs of mean syconium diameters of Phases B and Bw of 
different events. It showed that only the two smallest mean diameters of Phase B out 
of 39 events were significantly smaller than the smallest mean diameters of Phase Bw 
(Please refer to Appendix for details).  
This corroborates the idea that assignment of Phase B based on morphology is 
probably correct in identifying receptive syconia similar to Phase Bw, though only the 
latter by virtue of the presence of the pollinators in syconia are known with certainty 
to be receptive. It is also probable that unpollinated syconia may remain attractive to 
pollinators, and continue to grow for an extended period, leading to variation in mean 
diameters of Phases B and Bw syconia from different events. This would agree with 
various earlier studies suggesting that receptivity of syconia could be lengthened 
when pollinators were absent (Bronstein 1988, Khadari et al. 1995, Ansett et al 
1996b). In Ficus superba, Phase B, assigned based on morphology, had been 
observed to last as long as four weeks.  
Similar overlapping in the ranges of mean syconium diameters of Phases Bw 
and Bc from different events was observed, suggesting that syconia can cease to be 
receptive (reach Phase Bc) at various points of growth. Alternatively, syconia could 
close earlier in development, but continue to develop on the plant. However, the two 
possibilities could not be distinguished, and the causes for the closure of syconia prior 
to pollination could not be investigated in the present study.  
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4.4 NUMBER OF WASPS PER SYCONIUM 
The mean number of 1.291 ± 0.764 pollinator wasps per syconium was 
obtained from 2,832 syconia examined at the appropriate phases from 68 events. 
When all events and their mean numbers of pollinator wasps per syconium were 
accounted for, the modal class was [1.0, 1.2) with 30 events. Figure 8 is the histogram 



























































Figure 8. Histogram of number of events against mean number of wasps per 
syconium. 
 
One should not overlook the fact that there is quite a spread of mean values for 
the events ranging from 0.7–3.07 pollinators per syconium, and within the events, a 
range of 0–14 wasps per syconium was observed. Figure 9 is the histogram for the 
number of pollinator wasps found in syconia over all events. Note that each event is 
not represented by a fixed number of syconia, as collection depends heavily on 
availability of accessible syconia.  
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Figure 9. Histogram of number of syconia against number of pollinator wasps pooled 
over 68 events. 
 
It can be seen that the majority of the syconia had only one wasp each, 
followed by two, three, zero, etc. Syconia with no wasps were included only if there 
are good reasons to believe that pollinators had entered them, such as presence of 
pollinators and signs of their activity — bruised ostiolar scales and/or synstigmata, or, 
seed and/or larval development, etc. As much as possible, parthenocarpic syconia or 
those maintained on trees by parasites were identified and excluded.  
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4.5 CROP QUALITY 
Detailed notes on the syconia collected were made for only 50 of the total 86 
complete events observed. The percentages of syconia collected in the various states 
are shown in Table 11.  
Table 11. Percentages of syconia collected in the various states. The maximum 
(Max), minimum (Min), mean, standard deviation (SD) and median, were calculated 
from the subset of 50 crops exhibiting the each syconia type. The proportion of crops 
showing all syconia type are also tabulated. 
Category of Syconium Max Min Mean SD Median Proportion of Events 
Failed female 76.19 4.00 23.32 20.82 13.03 0.60 
Failed pollination 27.27 1.78 8.96 8.48 5.32 0.16 
Failed oviposition 37.50 3.33 13.70 9.57 10.27 0.32 
Failed oviposition and 
pollination 23.08 2.85 10.91 6.68 8.85 0.20 
Failed emergence 18.18 7.14 10.75 5.02 8.83 0.08 
All male 12.50 4.35 7.37 4.47 5.26 0.06 
All female 11.76 3.45 5.89 3.16 4.55 0.12 
Failed dispersal 50.00 2.04 10.76 13.42 4.35 0.30 
Camarothorax 100.00 4.08 38.00 29.25 26.32 0.66 
Apocryptophagus 84.62 1.21 16.76 22.05 8.33 0.38 
Parasites exclusive of 
failed pollination 100.00 4.23 31.14 26.23 22.41 0.70 
Parasites inclusive of 
failed pollination 100.00 2.67 31.24 28.50 22.22 0.78 
 
From Table 11, it is apparent that the proportion of failed female syconia is 
quite high, with a maximum of 76.2% of the syconia collected in one event, and was 
common enough so as to affect 30 out of 50 events. Failed oviposition (producing 
only seeds) affected only 16 out of the 50 events, while failed oviposition and 
pollination when neither seeds nor wasps were produced, affected only 10 events.  
Failed emergence was rather rare and affected only four events out of 50. All 
male and all female syconia occurred only in three and six events respectively, while 
failed dispersal, in which emerged wasps failed to disperse for unknown reason were 
more common affecting 15 events. Collectively, these could be taken to be some 
indication of the rarity of male function failures. 
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In the case of parasitism, there was interest to know whether there was a 
connection between the infestation by the two parasites Camarothorax species and 
Apocryptophagus species. Thus, a Fisher’s Exact Test was performed on a two-by-







Camarothorax present 14 19 33 
Camarothorax absent 4 13 17 
Subtotals 18 32  
 
The null hypothesis of no correlation between the occurrences of the two 
parasites could not be rejected at a p = 0.227, indicating that the two parasites are not 
found in the same reproductive event more or less than expected at random, even 
though there is a significant correlation in the levels of parasitization by both parasites 
(Spearman r = 0.288, p = 0.0426).  
The occurrences of the two parasites taken together affected 35 of the 50 
events, with one event with Camarothorax species found in all the post-Phase B 
syconia collected. When failed pollination syconia are suspected to be the result of 
parasitism, and included with syconia with both parasites for the analysis, as high as 
39 events were affected. In other words, only 13 events showed a total absence of 
either parasite, and 11 also showed no syconia with failed pollination.  
In conclusion, Ficus superba was shown to have a rather heavy parasite load 
and female failure, in which a great proportion of crops had syconia unvisited by the 
pollinator. The latter came as a surprise as near-failures only accounted for six out of 
the 86 reproductive events observed (almost 6.98%), and complete female syconia 
failures were even less common with only three occurrences out of 86 (3.49%). 
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Despite the specialized Ficus-pollinator mutualism, some degree of failure exists even 
in the best situation.  
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4.6 RELATIONSHIPS BETWEEN PLANT SIZE, PHENOLOGICAL CHARACTERISTICS 
AND CROP QUALITY 
Rank correlation was used to show relationships between pairs of plant size 
characteristics of the plants such as height, crown diameter and dbh and leafing and 
reproductive phase durations and frequencies.  
Owing to the possibility that the variables could be auto-correlated or non-
independent, the p-values provided should not be taken as definitive evidence for the 
significance of correlation between variables. The same applies to Pearson Product 
Moment Correlation used to show the relationship between the variables. 
It was found that leafing frequency was significantly negatively correlated 
with the plant height (Spearman r = –0.567, p = 0.002) and crown diameter 
(Spearman r = –0.641, p < 0.001) of plants. However, such significant relationship 
with the dbh was not found (Spearman r = 0.266, p = 0.257). Other aspects of leafing 
phenology such as leaf change and leaf loss frequencies were not significantly related 
to the plant size attributes. 
For reproductive phenology, rank correlation revealed that the plant size 
characteristics dbh (Spearman r = 0.761, p < 0.001) and height (Spearman r = 0.611, p 
= 0.004), but not crown diameter (Spearman r = 0.394, p = 0.086), were positively 
correlated with the proportion of small events. 
Notably, reproductive frequency was found to be weakly negatively correlated 
with leaf change frequency, even though trees often initiated syconia after leaf change 
(Spearman r = –0.248, p = 0.292). On the other hand, a significant positive 
relationship was shown between reproductive frequency and proportion of near-
failures (Spearman r = 0.472, p = 0.036). 
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At the level of distinct reproductive events, the percentage of failed female 
syconia was found to be significantly negatively correlated to the mean number of 
wasps per syconium (Spearman r = –0.510, p < 0.001) and the duration of Phase B 
(Spearman r = 0.676, p < 0.001). The duration of Phase B was also found significantly 
correlated to the mean number of wasps per syconium (Spearman r = –0.379, p = 
0.010). A significant relationship was found between the percentage of failed female 
syconia and percentage of syconia with Apocryptophagus species (Spearman r = 
0.289, p = 0.042), but not with Camarothorax species (Spearman r = –0.0685, p = 
0.637), while no significant correlation was found between the mean number of 
pollinator per syconia or duration of Phase B and the percentages of syconia with 
either parasite. However, there is a significant correlation in the percentages of 
syconia with both parasites in the each event (Spearman r = 0.288, p = 0.043).  
Furthermore, the Pearson Product Moment Correlation revealed some 
correlations that rank correlation did not detect. For leafing phenology, the positive 
correlation between crown diameter and leaf change frequency was found significant 
(Pearson r = 0.465, p = 0.017), though rank correlation found it marginally 
insignificant (Spearman r = 0.372, p = 0.061). For reproductive phenology, height was 
found to be significantly positively correlated with reproductive frequency at Pearson 
r = 0.500 and p = 0.047, and negatively with duration of Phase E≥10% (Pearson r = –
0.469, p = 0.037). The above two Pearson and p values were shown insignificant by 
rank correlation (Spearman r = 0.429, p = 0.059 and Spearman r = –0.433, p = 0.056, 
respectively).  
Non-parametric ANOVA (Kruskall-Wallis) tests for the effects of 
reproductive stages (reproductive vs. juvenile) and life form (free-standing tree vs. 
epiphyte vs. lithophyte) on various plant size attributes (height, crown diameter and 
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dbh), leafing and syconium production phenological characteristics were performed. 
The tests showed that being reproductive or juvenile was a significant factor affecting 
variables like leaf change frequency (higher in reproductive plants, p = 0.041), leafing 
frequency (higher in juveniles, p = 0.002), height, dbh and crown diameter (on 
average plants of larger stature tended to be reproductive, p = 0.001, 0.023 and < 
0.001, respectively). Only leaf loss frequency appeared not be significantly correlated 
to being reproductive, though it appeared more frequent in reproductive plants. Life 
form appeared to strongly affect variables such as height, dbh, crown diameter and 
reproductive frequency (p = 0.003, 0.032, 0.006 and 0.004, respectively), but did not 
appear to strongly affect leaf phenology or duration of reproductive phases.  
At the level of distinct reproductive events, the size of events was found to be 
only significantly correlated to the mean number of pollinator wasps found per 
syconium, with small events found to have more wasps per syconium (p = 0.014). 
There was also no significant correlation between size of the event and percentage 
parasitisation by either parasite, percentage of failed female syconia, and all 
remaining variables. While there may really be a lack of significant correlation, it 
cannot be ruled out that the rough classification of the event size played a part. Finer 
quantification of the event size may be considered for further study.  
Of the 29 plants chosen for the phenological study, 28 survived through the 
study period and one was felled. Of these 20 were found to be reproductive, which 
meant that some individuals might have been mistakenly assigned as being 
reproductive. A Fisher’s Exact Test was performed on a two-by-two matrix to 
determine if there is a relationship between being reproductive and being free-
standing: 
 Reproductive Juvenile Subtotals 
Free-standing tree 17 0 17 
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Epiphyte or lithophyte 3 8 11 
Subtotals 20 8  
 
It was found that the relationship between life form and being reproductive is 
statistically significant (p < 0.001). Thus, life form can be considered an important 
factor to be included in the Logistic Regression. From all of the above results, it is 
clear height and life form should be used in the Logistic Regression Model, which 
would be used to predict if a given plant is reproductive. 
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4.7 LOGISTIC REGRESSION MODEL 
The equation for the Logistic Regression Model derived from 50 plants is: 
)1/(1 ))2.799-p12.111-H1.130(-4.793( leR ×××+−+= , 
where R is the inferred reproductive state being true (= 1) or false (= 0), H is the 
height in m, p is the life form epiphytic being true (= 1) or false (= 0), and l is the life 
form lithophytic being true (= 1) or false (= 0). 
A receiver operating characteristic (ROC) curve was plotted by XLSTAT 
(Figure 10), giving the area under curve (AUC) of 0.997. This is interpreted as the 
probability that a randomly selected reproductive plant would be assigned as 
reproductive over a randomly selected juvenile individual. Given the satisfactorily 
high value, the regression model was used to predict the likely reproductive status of 






















Figure 10. Receiver operating characteristic (ROC) curve for the Logistic Regression 
Model. 
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4.8 DEMOGRAPHY OF FICUS SUPERBA 
The Ficus superba plants inventoried were classified into height classes for 
each locality. Some of the samples were pooled, as there were few plants at those 
localities. The pooling was done to group all the plants on Singapore island 
(Singapore) of, the minor islands with natural vegetation (Minor natural) and minor 
islands modified by man (Minor modified).  
Minor natural localities included Pulau Sajahat Kechil (PSK) and Pulau Salu 
(PSALU). Minor modified localities included Pulau Pawai (PPW), Pulau Senang 
(PSN), Pulau Sudong (PSU), St. John’s Island (SJI), Kusu Island (KUS), Pulau Subar 
Darat (PSD), Pulau Subar Laut (PSL), Pulau Tekukor (PTK), Pulau Sajahat (PSA) 
and Pulau Ubin (PUB). Singapore localities included all plants on Singapore Island, 
such as Bedok (BED), East Coast Park (ECP), Changi (CHG), Nanyang 
Technological University (NTU), Western Catchment (WCA), Singapore Botanic 
Gardens (SBG), and Sungei Buloh Wetland Reserve (SBL). The larger offshore 
islands, Pulau Sajahat (PSA) and St.John’s Island (SJI) were considered separately 
from others.  
From Figure 11, it is clear that at most localities, the largest class size was the 
0–2 m tall class, with the larger classes decreasing in frequency almost monotonically. 
However, in pooled localities of Minor natural (all localities not human-disturbed), 
the predominant classes were more mature (2–4 m and 8–10 m tall).  
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Figure 11. Height distribution classes of individuals by type of locality. 
 
A breakdown by life form shows that the vast majority of the individuals were 
lithophytes, followed by epiphytes and lastly, free-standing trees, as can be seen in 
Figure 12. Of the 174 plants that were lithophytes, the vast majority (96.0 %) grew on 





















Figure 12. Number of individuals by life form. 
 
The three most-favoured host plant families for the epiphytic Ficus superba 
were the Fabaceae (Leguminosae), Loganiaceae and Arecaceae (Palmae), in 
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descending order, which in total, supported 80.0% of the 90 epiphytes (See Figure 
13). For the Fabaceae, the top three host species were Samanea saman (19 epiphytes) 
and an unknown Mimosoideae individual (four epiphytes) and one Delonix regia 
(three epiphytes). The Loganiaceae was represented by only Fagraea fragrans (27 
epiphytes) and Arecaceae hosts consisted of only Elaeis guineenesis (seven epiphytes) 
and Cocos nucifera (six epiphytes). A vast majority of the hosts were exotic 
ornamental trees and even of those native hosts (Fagraea fragrans and Cocos 
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Figure 13. Numbers of epiphytes per host plant family. 
 
The height class distribution differed on natural versus human-modified sites. 
A preponderance of lithophytes in human-modified habitats, and the exclusive 
occurrence of epiphytes on wayside trees, suggests that modified landscapes provide 
an excess of empty niches available for seedling establishment in the form of man-
made concrete structures and wayside trees.  
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The vast majority of the plants were naturally established, and only a small 
number were planted. For offshore islands only four plants on Pulau Ubin were 
planted and of Malaysian stock (pers. comm., Robert Teo, 2004). For Singapore 
Island, only two plants from the Singapore Botanic Gardens (SBG), and two in 
Sungei Buloh Wetland Reserve (SBL) were planted using local stock from Bedok 
(BED) (pers. comm., Alan C.S. Tan and Boo Chih Min, 2004).  
Based on the Logistic Regression Model, of all the 191 originally assigned 
juvenile plants (<2 m tall) none were reclassified. Of the 155 assigned reproductive 
plants (≥ 2 m tall), 78 (50.3%) were reclassified as juveniles. The numbers of 
originally assigned reproductive plants and plants predicted to be reproductive by the 
Logistic Regression Model from each locality are in Table 12.  
The small insular sites had higher densities than large islands such as Pulau 
Ubin or Singapore Island but it should be kept in mind that these comparisons could 
be misleading as there was no clear way of demarcating suitable from unsuitable 
habitats for large terrestrial environments. The plants on Pulau Ubin were also 
purposefully planted, and thus the estimation of population density, pointless. The top 
four highest densities in descending order for assigned reproductive trees were PSK, 
PSA, PSALU and SJI. The ranking of these four sites also largely holds for the 
reproductive trees predicted form the Logistic Regression Model, except for the 
swapping of the positions of PSA and PSALU. 
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Table 12. Numbers of originally assigned reproductive (R) and predicted 
reproductive (Predicted R) plants from each locality are as tabulated below and 
population with densities 










Main Island 60420 36 17 0.000596 0.000281 
P. Ubin 
(PUB) 1023.9 4 3 0.00391 0.00293 
P. Sajahat 
(PSA) 1.2 39 10 32.5 8.33 
 P. Sajahat 
Kechil 
(PSK) 0.1 4 3 40.0 30.0 
P. Pawai 
(PPW) 111.9 2 2 0.0179 0.0179 
P. Sudong 
(PSU) 209 3 2 0.0144 0.00957 
P. Senang 
(PSN) 96.9 1 1 0.0103 0.0103 
P. Salu 
(PSALU) 0.6 15 9 25.0 15.0 
P. Subar 
Darat (PSD) 3 1 1 0.333 0.333 
P. Subar 
Laut (PSL) 5 1 1 0.200 0.200 
St. John’s 
Island (SJI) 40.8 42 25 1.029 0.613 
Lazarus 
Island 
(LAZ) 34 2 1 0.0588 0.029 
Kusu Island 
(KUS) 7.9 5 2 0.633 0.253 
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4.9 POTENTIAL DISPERSAL DISTANCES OF THE POLLINATOR WASP 
The potential flight distances of the pollinator can be worked out by assuming 
that pollinator flight from any given reproductive plant to any other (except the same 
plant) is equally probable. Using the 155 individuals originally assigned as 
reproductive, 27,566 connecting flights were possible, while using those predicted 
(77) by the Logistic Regression Model, 6,664 flights were possible. Thus the total 
possible number of flight was reduced to 24.2 % by halving the number of 
individuals.  
Using the Singapore Topographical Map (1:50,000) produced by The 
Mapping Unit, Ministry of Defence, Singapore (2002), the distances between 
localities were measured between centres of all pairs of localities. The Ficus superba 
plants were divided into localities, such that the extent of any group of plants is 
always within one kilometer radius area, and thus the internal flight distances between 
plants within each locality was simply assumed to be 1.0 km.  
Mean flight distances were calculated to be 15.2 and 15.6 km, for assigned and 
predicted reproductive individuals respectively. Values for assigned reproductive 
plants (predicted plants given in brackets): about 28.8 % (25.5 %) of the flight 
distances 1 km or less, 56.2 % (55.4 %) of the flights 16 km or less. The lowest 25th 
percentile is 1 km or less and it is also the modal flight distance for both assigned and 
predicted reproductive plants. This showed that the majority of the flights are 
supposedly short distance flights. Also notable is that the mean, median and modal 
distances were quite unchanged even when the number of reproductive individuals 
were halved at many localities (refer to Figure 14).  
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The general stability of the flight distance distribution suggests that unless the 
plants were systematically thinned at any of the localities in Singapore, the 






































Figure 14. Potential flight distances for pollinator wasps between plants originally 
assigned reproductive (R) and predicted reproductive (Predicted R) according to 
Logistic Regression Model. 
 
  65 
5 DISCUSSION 
5.1 ASEASONALITY AND INTRA-PLANT SYNCHRONY OF REPRODUCTIVE EVENTS 
There was no support for seasonality in the initiation of syconium production 
in Ficus superba from the phenological data available. The initiation of Phases B and 
D, and the occurrence of Phase D were also aseasonal. However, Phase B is seasonal. 
Earlier studies had shown the duration of this receptive phase (Phase B) could 
be extended by two to three weeks in the absence of pollinators for some Ficus 
species (Bronstein 1988, Khadari et al. 1995, Ansett et al. 1996b). In Ficus superba, 
Phase B was observed to persist for up to four weeks.  
The extension of Phase B was also corroborated by the variation between the 
mean diameters of syconia in the receptive phases (Phases B and Bw) between 
reproductive events, suggesting that their size at time of sampling depends on 
pollinator availability. More evidence supporting the view that the duration of Phase 
B is dependent on pollinator availability is the positive correlation of the duration of 
Phase B with the percentage of failed female syconia and its negative correlation with 
the mean number of pollinator per syconium. The dependence on pollinator 
availability would explain the apparent seasonality in the occurrence of Phase B as 
contingent on the level of pollination. However further study would be needed to 
ascertain if the seasonality of pollinator availability is periodic and the extension 
adaptive.  
This aseasonality of reproduction could be an adaptive feature, if the 
simulations of Anstett et al. (1995, 1997) were correct in showing that the number of 
plants with suitably overlapping reproduction periods needed to support the pollinator 
increases with the seasonality in reproduction of the plants. Thus, the lack of 
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seasonality may be a way to minimize the plant population size needed to upkeep the 
pollinator.  
Tight intra-plant synchrony was exhibited by all but one large individual under 
observation, suggesting that aseaonality coupled with intra-plant synchrony is 
characteristic of the species. It is likely that synchrony reduces the possibility of 
selfing through overlapping Phases B and D between consecutive reproductive events. 
It may thus be unsurprising that only one out of the 86 events observed showed the 
overlap.  
Ficus superba was shown to be relatively aseasonal in syconium production. 
Between one to eight reproductive events (mean = 4.05±1.50 events) were observed 
to be initiated for the plants observed in the 58 week. Annually, on average the plants 
produce about three and a half times. For plants showing leaf change between one to 
three events were observed in between 55 and 72 weeks of observation. Annually, the 
plants which undergo leaf change would do so about one and a half times. Compared 
with previous studies done on monoecious Ficus benjamina L. and Ficus microcarpa 
L.f. in Singapore (Corlett 1984), Ficus superba, like Ficus benjamina, shows 
aseasonality in syconium production, and strong intra-plant synchrony in reproduction 
as well as leaf change. 
The lack of inter-tree synchronization and strong intra-plant synchronization 
of reproduction is similar with the behaviour of male and female trees of Ficus 
fistulosa Reinw. ex Blum. (Corlett 1987). However, the two characteristics contrasts 
with male and female trees of Ficus grossularioides Burm.f. (Corlett 1993) 
respectively.  
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5.1.1 Causes of Reproductive Aseasonility and Intra-Plant Asynchrony 
It is uncertain if the lack of seasonality and high intra-plant synchrony of 
Ficus superba is typical of the species outside the equatorial climate of Singapore. 
But if earlier phenological studies of other Ficus species can be generalized, within-
plant asynchrony and timing of reproduction may change with season (Bronstein and 
Patel (1992) on Ficus aurea) and seasonality of the environment (Smith and Bronstein 
(1996) on Ficus insipida, Ficus petiolaris and Ficus pertusa). The same variation 
would thus be expected that Ficus superba.  
The amount for plasticity may vary from species to species as Pereira et al. 
(2007) have shown for Ficus citrifolia that the aseasonality in fruit production and 
only moderate seasonality in syconium initiation at the southern edge of its range 
despite a strongly seasonal climate.  
Thompson et al. (1991, 1997) had suggested allofusions as a possible cause of 
weak within-plant sychrony. Alternatively, weak within-plant synchrony could be 
caused by an individual growing large and breaking up into separate plants, such that 
synchronization may fail between different parts of the same genetic individual 
(Compton and McCormack 1999). Evidence for each hypothesis has to be accrued 
and evaluated in a future study.  
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5.1.2 Plant Size and Reproductive Phenology 
Reproductive and leafing phenologies also appeared to be affected by plant 
size attributes: height, dbh and crown diameter. Reproductive frequency increases 
with height, and leaf change frequency increases with crown diameter. The proportion 
of small events increases with height and dbh, while leafing frequency increases with 
height and crown diameter.  
Interestingly, it was noted that the frequency of reproduction of a plant was 
positively correlated to its proportion of near-failure of pollination. However, Fisher’s 
Exact Tests ruled out any significant relationship between the size of reproductive 
events and their success, failure or near-failure.  
This is not expected given the olfactory nature of the pollinator attractant 
(Ware et al. 1993, Hossaert-McKey et al. 1994). If the amount of attractant produced 
is proportional to crop size and synchrony (Janzen 1979b, Bronstein 1987, Windsor et 
al. 1989, Smith and Bronstein 1996), one would expect a larger receptive crop to be 
able to attract more pollinator wasps and secure more pollination success. The lack of 
correlation could mean:  
1. There was never a very severe pollinator limitation.  
2. Any available pollinator wasps are very adept at finding receptive syconia within 
natural limits in variation of crop sizes.  
As the prevalence of failed female syconia among reproductive events 
suggests that pollinator limitation is a common problem. Furthermore, there is a 
significant negative correlation between percentage of failed female syconia and the 
mean number of pollinators per syconium of a crop, lending support to the idea that 
pollinator limitation is a cause of failed female syconia.  
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Small events were also associated with larger number of pollinators per 
syconium, suggesting that smaller crops less likely to show pollinator limitation 
compared to larger crops. This goes against the expectation that smaller crops may be 
less effective at attracting pollinators, further supporting the hypothesis of pollinator 
limitation.  
The negative correlation between the duration of Phase B and number of 
pollinators per syconium, corroborates the idea that duration of syconium receptivity 
could be lengthen in the absence of pollinator. This as noted earlier agrees with 
various earlier studies suggesting that receptivity of syconia could be lengthened 
when pollinators were absent (Bronstein 1988, Khadari et al. 1995, Ansett et al 
1996b).  
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5.2 SEASONALITY OF LEAFING, LEAF LOSS AND LEAF CHANGE EVENTS  
Unlike the lack of seasonality shown by syconium initiation, leaf change 
appeared to be seasonal. Likewise, intermittent leafing and leaf loss were found to be 
significantly seasonal as well.  
As five plants did not show enough synchrony in leafing and leaf loss to 
undergo leaf change events, there was a suspicion that the seasonality of leafing and 
leaf loss can be swamped by inclusion of these individuals if they exhibited 
aseasonality. However, it was noted that in both cases the significance of the Rayleigh 
Tests were higher for leafing and leaf loss than for leaf change. Thus, it was accepted 
that overall, the observed individuals showed strong seasonality in leaf production.  
The reproductive status of individuals was shown to be significantly related to 
leaf change and leafing frequencies. As plant size was also related to the reproductive 
status, it may explain the significant negative correlations between height and crown 
diameter versus leafing frequency.  
On the whole, it appears that the larger the plant, the more likely leaf 
production and abscission would be synchronized enough to be recorded as leaf 
change events. Furthermore, these leaf change events would increase in frequency 
relative to the size of the plant (significantly the crown diameter), as did the 
reproductive frequency. However, until further studies are done, the correlations 
observed should not be mistaken as evidence for causal relationships.  
Interestingly, even though leaf loss showed seasonality, leaf loss frequency did 
not appear to be related with size or reproductive status. One possibility is that the 
field observations for presence or absence of leaf loss, was not detailed enough to 
detect low levels of intermittent leaf abscission. Quantification of leaf density in the 
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crown and litter fall, would be necessary. Milton (1991) on Moraceae in the 
Neotropics is a relevant study for reference.  
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5.3 THE RELATIONSHIP BETWEEN LEAF CHANGE AND REPRODUCTION 
From general observations, leaf change events often preceded the production 
of syconia, leading one to suspect that the two types of events could be linked. The χ-
squared test results strongly rejected the notion that syconium initiation events were 
distributed randomly among leaf change events versus non-leaf change periods.  
To show the causal relationship between the two events is beyond the scope of 
the present study, as it may involve manipulation or quantification of relevant 
environmental and hormonal cues or other factors. From the report of Ansett et al. 
(1998), regarding obtaining out of season syconia of Ficus carica for pollination 
studies, it was noted that they employed a method of removing apical buds to initiate 
syconium production. Thus, it is hypothesized that removal of auxin-mediated 
suppression by shoot apices could be involved in syconium production. As leaves are 
also sources of this growth regulator, abscission of leaves could also release the 
inhibition, and explain how leaf change and syconium production phenologies are 
related.  
It is further hypothesized that auxin is not the only growth regulator 
implicated, based on the observation of syconia initiated in established cuttings Ficus 
superba (per. comm. Tan, K.-x., 2005). The cuttings were less than one foot tall and 
with profusion of roots, leading one to suspect that root-shoot ratio, and by extension 
cytokinins-auxin ratio, to be involved in regulating syconium production. This could 
be reconciled with the observation of leaf change preceding reproduction, as well as 
the relationship between stature, life form and reproductive status.  
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5.4 PERSISTENCE OF RIPE SYCONIA, THEIR SEASONAL AVAILABILITY AND 
FRUGIVORE DISPERSAL  
The initiation of Phase E was found to be aseasonal, but the occurrence of 
Phase E≥10% was unexpectedly found to have a unimodal distribution. Causes of the 
longer persistence could include the greater crop set or pollination efficiency and a 
lack of frugivore consuming ripe syconia during those times during some parts of the 
year. However, as this is a short study, we do not know if the putative causes have a 
periodic occurrence.  
Being a coastal species dispersed by birds of various families, such as 
Corvidae, Strurnidae and Pycnonotidae and Columbidae, observed to feed on the ripe 
syconia (unpublished data), the timing of the Phase E syconium availability, might be 
an important adaptation. However, lacking longer term observation it is difficult to 
ascertain if it is periodic or merely contingent on availability of pollinator to set fruit 
or of frugivores to remove them.  
The duration of Phase E≥10% appeared to be inversely correlated to the height 
of the plant. If visual cues are used by the frugivores to locate the food source, it 
would be expected that larger individuals by virtue of their size would have better 
visibility to frugivores. Assuming this, together with the increasingly frequency of 
syconium production with size of plants, these age-related factors may have a bearing 
on recruitment success rate of the coastal species.  
From previous studies following the succession on remote islands (Compton et 
al. 1994, Thornton et al. 1996, Thornton et al. 2001, Shanahan et al. 2001), winged 
frugivores of Ficus was shown to be able to traverse great distances. Compton et al. 
(1994) and Shanahan et al. (2001) highlighted how local pollinator scarcity limited 
reproductive success of the early successional plants. However, according to 
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Shanahan et al. (2001) increasing fruit set may speed up the accretion of Ficus 
individuals by attracting frugivores, and this in turn alleviates local pollinator 
limitation. Thus, the two processes of colonization and fruit production are likely to 
be in mutually reinforcing processes. If this were true, it would be relevant to 
integrate the seasonality of Phase E syconium availability and the success in 
recruiting frugivore dispersers in relation to visibility, size and age of plants with our 
current understanding of insular colonization by Ficus species.  
It is lamentable that even though considerable advances have been made in 
obtaining information on seed dispersal, establishment and recruitment have been 
made by Laman (1995, 1996a,b,c) for forest Ficus species, comparable achievement 
has yet to be seen for coastal and insular species.  
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5.5 COULD CROP SIZE BE ADAPTIVE? 
Small crops, consisting a quarter of all events, were found more common in 
individuals of larger dbh and height. Given the aseasonality of reproduction and 
distribution of small events, and assuming an equal chance of reproductive success 
around the year, it is unclear how unequal partitioning of the resources for 
reproduction affects reproductive success. There is also no indication that the timing 
and size of a reproductive event can be modified in response to the failure, size and 
abscission of an earlier event. Therefore, in the absence of mechanism to modulate 
reproductive investment, it is hypothesized that crop size must have adaptive 
significance for it to be so prevalent.  
Janzen (1979a) was cognizant that the pollinator progenies come at a cost of 
seeds. As noted earlier in Ficus superba, the number of pollinator wasps per 
syconium varies with crop size, as a result of pollinator limitation. Ansett and 
coworkers (1996a) reported that number of seeds produced by a syconium of Ficus 
aurea is inversely correlated to the number of foundress pollinator wasps. If 
applicable to Ficus superba, crop size could be a viable way to modulate male/female 
function investment. Large crops have fewer pollinators per syconium compared to 
small crops, and be expected that more seeds and fewer pollinator wasps would be 
produced by large crops — emphasizing the female function. The reverse would be 
true for small crops.  
Also relevant for consideration is the review of Harrison and Yamamura 
(2003), of the possible tradeoffs between male and female functions, and guarding 
against exploitation by non-pollinating fig wasps, and how this could have prompted 
the evolution of gynodioecy from monoecy in Ficus. If the earlier hypothesis of 
modulating the male/female function investment by crops size proves to be correct, it 
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might partly resolve the conflicts considered by Harrison and Yamamura (2003) 
without fully fledged gynodioecy.  
As for parasite avoidance, there is evidence for the direct relationship between 
parasitisation by Apocryptophagus species, and percentage failed female syconia. 
This establishes a relationship between the occurrence of one parasite and level of 
pollination, suggesting that crop size may modulate parasitisation. However, no 
significant correlation was shown between the mean number of pollinator wasps per 
syconium or size of the reproductive event versus the percentage of syconia with 
either of the parasites. This was unexpected as there is a strong negative correlation 
between the size of an event and number of pollinator wasps per syconium, which in 
turn is negatively correlated to percentages of failed female syconia.  
Though, crop size may have more to do with reproductive investment in the 
male/female function rather than parasite avoidance, the result is not conclusive as no 
attempt at quantifying crop size was made. Instead crop size was recorded as a 
categorical variable, which may swamp weaker statistical relationships of relevance.  
Thus, for future study the quantification crop size should be concurrent with 
quantification of the reproductive returns on investment. It is preferable that the 
number of seeds, wasps (pollinator and non-pollinators), foundresses, sterile ovaries, 
etc., be counted and documented for each syconium, after Corlett et al. (1990) and 
Wang et al. (2005). Only with such detailed data at hand, could one show if variation 
of crop size is an adaptation, as hinted at by this study.  
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5.6 CROP QUALITY AND CAUSES 
Failed female syconia, and parasitism by Camarothorax species and 
Apocrpytophagus species, were found to be widespread. Much less common 
syconium types caused by failure of pollinator foundresses to pollinate and/or 
oviposit, of progenies to emerge and disperse, and of the presence the presence single 
sex broods in syconia.  
Some early work to elucidate the causes of these abnormal syconia was done 
by Galil and Eisikowitch (1971). Based on the study, it is hypothesized that syconia 
with developing larvae or pupae (galls) but not seeds could be owed to pollinator 
wasps, which did not load sufficient pollen grains when leaving the natal syconium, 
syconia with only seeds could have sterile foundress wasps, while syconia with 
neither seeds nor larvae could be visited by sterile wasps with insufficient pollen.  
The seedless and larvaeless syconia could also be because pollinators have 
entered the syconia of incompatible non-host species, as Ware and Compton (1992) 
and Harrison (2006) reported. This unfortunately could not be confirmed, as intact 
foundress wasps were not retained. If correct, it is interesting that mistaken entry by 
pollinators of other Ficus species occurs even without pollinator limitation as dire as 
what Ware and Compton (1992) and Harrison (2006) had reported.  
In the cases of syconia with the presence of only male or female pollinator 
wasps, West and coworkers (1997) attributed their occurrence in fig-wasps (inclusive 
of non-pollinators) to their arrhenotokous haplodiploid reproduction. They 
hypothesized that it could be exacerbated by small brood sizes. They reasoned that in 
a small brood, the sex ratio would fluctuate, leading to a dearth or absence of males, 
so that females may disperse unfertilized and only be able to produce male progenies. 
As it was shown that on average less than two pollinator wasps enter a syconium of 
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Ficus superba, which means that each syconium is likely to carry a one pollinator 
brood. Thus, any sex ratio fluctuation is unlikely to be ameliorated by the presence of 
another brood.   
The present study is not directly comparable with some earlier studies of 
monoecious Ficus racemosa (Wang et al. 2005) and Ficus microcarpa and Ficus 
benjamina (Corlett et al. 1990), as the present study did not quantify wasp, seed and 
bladder numbers for each syconium. But should rough generalizations be made, Ficus 
superba like other monoecious species have a more checkered record for pollination 
success, though outright failure is rare, and parasitism is common (Corlett et al. 
1990). It is notable that the levels of parasitism and pollination failure in the forest 
Ficus racemosa were reported by Wang et al. (2005) to increase with plant density 
and degree of fragmentation of its habitat. It is unclear if this is applicable to coastal 
Ficus superba, with a naturally patchy habitats and high local plant density.  
It was found the percentage of failed female syconia in Ficus superba varied 
directly with percentage of syconia with Apocryptophagus, while not with 
Camarothorax. This suggests that the former could be exploiting syconia that were 
unpollinated. But the lack of relationship between the mean number of pollinator 
wasps per syconium, the duration Phase B, and the percentage of syconia with the 
parasite remain unexplained, and surely deserves some looking into.  
There was also significant positive correlation between parasitisation by 
Apocryptophagus and by Camarothorax, yet Fisher’s Exact Test did not find their co-
occurrence in reproductive events to deviate significantly from random. Thus, it could 
be concluded that the two may either not be in competition owing to abundance in 
syconia suitable for oviposition, or specialization of each to different developmental 
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stage syconia. The latter is more likely and resource partitioning has been shown by 
Proffit et al. (2007) for Ficus racemosa and Ficus hispida.  
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5.7 LOGISTIC REGRESSION PREDICTIONS AND ORIGINAL ASSIGNMENT OF 
REPRODUCTIVE STATUS 
50.3% of the plants originally assigned as reproductive were rejected by the 
Logistic Regression Model. However, the ROC curve with an area under curve of 
0.997, would indicate that the Logistic Regression should be reliable. Thus it may be 
that the original assignment tended to be overly conservative.  
The marginally non-significant positive correlation between plant height and 
frequency of syconia initiation should not be overlooked. This correlation suggests 
that smaller plants may reproduce infrequently, and thus be overlooked by the short-
term phenological study and the Logistic Regression Model derived from it. Plants as 
short as 2 m tall have been observed to produce syconia under natural condition (Tan, 
H.T.W., pers. comm.) would support this contention. More importantly, such 
infrequently reproducing plants might be important for the maintenance of the 
pollinators, especially a population bordering the Miniumum Viable Population 
(MVP), sensu Shaffer (1981).  
Some rough calculations can illustrate this. In Singapore, the Logistic 
Regression reassigned 78 plants as juveniles, while retaining 77 plants as 
reproductive. Assuming that the each plant from the 78 plants reproduces once every 
two years (0.00962 reproductive events week-1plant-1), they would collectively have 
reproduced 39 times a year. Assuming the frequency of reproduction at 0.0698 
reproductive events week-1plant-1, as calculated from the phenological observation 
(Yeo, C.K., unpublished), applies to the 77 plants, they would contribute about 279 
reproductive events a year. They would be accounting for 12.3 % and 87.7 % of the 
total reproductive events respectively. In this hypothetical example, the extra 
reproduction could provide an appreciable buffer against pollinator extinction. Thus, 
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the reproductive frequency of smaller plants should be quantified so that they might 
be taken into consideration for conservation.  
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5.8 PATCHY DISTRIBUTION, POLLINATOR FLIGHT DISTANCES AND 
CONSERVATION 
Ficus superba showed exceptionally high local densities at some localities. 
The Singapore Island and Pulau Ubin (PUB) populations are not comparable to the 
others, as the areas of suitable habitats cannot be clearly delimited from unsuitable 
ones and some plants were planted at some localities.  
Densities of the predicted reproductive plants found of islands, where they 
were not planted, ranged from the highest plant density at 30 plants ha-1 for Pulau 
Sajahat Kechil (PSK), to the fourth highest of 0.613 plants ha-1 for St. John’s Island 
(SJI), and the lowest of 0.00957 plants ha-1 for Pulau Subar Darat (PSD). It is obvious 
that the local insular densities of Ficus superba are not typical of the range for Ficus 
species reported by Nason and coworkers (1998) (with the highest reported for Ficus 
obtusifolia at 0.072 plants ha-1). The spatially heterogeneous distribution is expected, 
given the patchiness of suitable the coastal and insular habitats. However, the 
densities appeared to be closer to what Corlett (2006) observed for urban Ficus 
species in Hong Kong, averaging about 2.3 plants ha-1. This leads one to suspect if 
there are other similarities between coastal species and those pre-adapted to urban 
environment. If so, it would be interesting to explore their relevance to conservation. 
In the calculation of flight distances, the pollinator of Ficus superba was 
assumed to be able to traverse all distances with equal ease, and that all individuals 
possessed an equal probability at reproducing. Thus, calculation of flight distances 
was a simple matter of counting the distances between all possible pairs of breeding 
plants. However, it should be noted that these distances are potential rather than 
realized distances, which may have to be ascertained separately. An important 
objection that could be raised is that the Singapore population is not reproductively 
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isolated from plants in the surrounding region. Though it is an acknowledged 
problem, solving it is not straightforward, as the inclusion of the immediate 
surrounding would beg a question why an even larger area is not included. However, 
it may not affect the generality of all of the result, as the habitats of the species 
throughout its range are expected to be as patchy. The overall preponderance of short 
flights would thus still hold, even as the histograms taper out at greater distances. 
From this, it is predicted that the modal distances would be most resistant to the 
inclusion, while the mean and median more sensitive. Furthermore, it should be noted 
that the choice of the limited geographical region is not only owing to practical 
considerations, but also the effect of the yet unknown reproductive contribution of 
sires as a function of distance on flight distances, further complicated by prevailing 
wind direction, given their mode of dispersal (Ware & Compton, 1994a,b). But it 
suffices to say that with the limitations in mind, this study provides a good first look 
at “typical” pollinator flight distances.  
From the result, about a quarter of the distances flown would be about 0.5 km 
(the modal distance) or less, and about half would be about 16 km or less. The mean 
flight distance was about 15 km, though the maximum distance could be up to 42 km. 
Thus, one could conclude that most fertilization events would be expected to occur 
between plants at close proximity, such as on the same island or group of islands. It is 
not clear how this would compare with the “routine” flight distances of 5.8–14.2 km 
for the three Ficus species reported by Nason et al. (1998), but in all likelihood they 
would be much less skewed than Ficus superba, as they were not known to show 
spatial aggregation.  
Interestingly, the flight distances calculated were not much affected by 
whether the original assigned or predicted reproductive plants were used. 
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Furthermore, if a quarter of all reproductions were between individuals within 0.5 km 
apart, presumably genetically related, a significant amount of inbreeding might be 
occurring. This would not be the case for species with more evenly distributed 
individuals.  
Conserving Ficus superba plants may involve maintaining gene flow between 
localities with high population densities. Thus, a very simplified model of the 
proportion of reproductive events within and between localized groups would be 
considered here. Simplifying assumptions included that all groups, m in all, are of the 
same size with n reproductive individuals. The number of within group events (i) for 
one such group would be given by: 
)1(2 −= nni  
The number of matings of any given group with plants outside the group (o) is given 
by: 
)1(2 2 −= mno  
Total number of events (t) for one localized group would be given by: 
)1(2)1(2)1(2 2 −=−+−=+= mnnmnnnoit  
The proportion of the total events (t) for one localized group, which is within the 
group matings (i) would be given by: 
)1/()1()]1(2/[)1(2 −−=−−= mnnmnnnn
t
i  (1) 




−=−= ∑  
The sum of all such external events (O) over m localized groups would be given by: 
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)1(2 −= mmnO  
Total events (T) for over all localized groups would be given by: 
)2()1()(2 22 −+=−+−=+= nmnmnmmnnnmOIT  
Proportion of the total events (T) for all localized groups which are internal mating 
events (I) would be given by: 
)2/()1(2)2(/)(2 2 −+−=−+−= nmnnnmnmnnnm
T
I  (2) 
The interesting results of the above equations (1) and (2) are when n→∞,  
mt





Therefore, when the number of individuals per localized group is large, the proportion 
of total reproductive events consisting of reproductive events within the localized 
groups can be approximated as above. The proportion of intra-locality reproduction 
expected could be obtained from equations (1) and (2) or their approximations. Thus, 
it could be seen that the more localities the smaller the proportion of intra-locality 
reproduction, assuming that related occur within the same locality, inbreeding.  
To consider the accumulation of genetic diversity at each locality, it could be 
seen from inspecting equation (1) that if the localized group has one reproductive 
individual, it leads to the trivial result that all its reproduction could only be with 
external plants. The locality would therefore be a point of “attraction” for all the 
genetic diversity that could be contributed by all plants within the reach of the 
pollinators.  
Modifying equation (1) to account for the localized group population size (n0), 
distinct from other groups, each with n reproductive individuals, the proportion of the 
total events (t) for one localized group which is within the group matings (i) would be 
given by: 
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)1/()1()]1(2)1(2/[)1(2 0000000 −+−−=−+−−= nnmnnmnnnnnnt
i  (3) 
 
We know from equation (1) the limit of the proportion of intra-group reproduction as 
n becomes large is 1/m. However, equation (3) would have to be examined for smaller 
values of n0. Letting n’ = (n0-1), (3) becomes: 
)/( nnmnn
t
i ′+−′=  




When n’ = n (i.e. n0 = n+1), 
mt
i 1=  
This is also the limit of (1) when n becomes very large. But as n’→ ∞, equation (3) → 
1. It could be plotted on a graph to show that as n’ increases, (3) asymptotically 
approaches unity and the lowest point on the graph is when n’ = 0 (i.e. n0 = 1). Thus, 
if the aim is to maintain equitable amount of reproductive contribution from all 
(internal and external) groups, one would strive to keep size n’ = n.  
 
  87 
5.8.1  Applications to Conservation in Fragmented Habitats 
From the discussion in the previous section, if one were to establish a new 
localized group of plant, contribution of genetic variations from other localities to the 
progenies would be maximized if only one plant is first established. These are 
relevant considerations in long term conservation of Ficus superba, and may well 
extended to the establishment of other Ficus species in fragments of suitable 
unoccupied habitats.  
 Assuming the superior dispersal ability of the pollinator species of Ficus 
species, notably monoecious ones (Harrison 2003, Harrison an Rasplus 2006), there is 
a strong case for conserving small fragmented forests containing Ficus individuals, 
even though extensive conserved forest area was thought to be needed to contain 
sustainable MVP numbers of plants (Mawdsley et al. 1988). It might be feasible to 
plant up more Ficus plants in non-forested land between these occupied patches as 
Mawdsley et al. (1988) suggested, or even to plant more Ficus plants into each patch. 
The latter would be replicating the naturally clumped distribution of Ficus superba, 
and have the advantage of keeping plants within protected reserves. However, it may 
have unpredictable effects on population genetic structures, frugivore behaviour, 
syconium pollination rate, parasitism rate etc. Certainly, further study is needed, as to 
date only Wang et al. (2005) studied the effects of high population densities in forest 
fragments on Ficus racemosa, which reportedly, increases syconium parasitism at the 
expense of pollination success. 
 The efficient dispersal of Ficus pollinators could explain the robustness of the 
symbiosis, even when less specific symbioses, such as that between the plant and 
frugivores failed (Compton and McCormack 1999). It could also explain the 
disproportionate rarity of Ficus species entered into the IUCN list (2006). This holds 
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out hope that an MVP could spread over a wide area of fragmented habitats, 
integrated the inter-patch flights of the pollinators. At a larger scale, distinct MVPs 
may also be integrated by rarer inter-MVP flights, rather like a scaled-up version of 
the patchy Ficus superba population. Were this to be the case, the metapopulation 
concept of Levins (1969), long overlooked since Mawdsley et al. (1998), may be 
relevant to formulating long-term conservation policies. 
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5.9 DEMOGRAPHIC DIFFERENCES BETWEEN NATURAL AND HUMAN-MODIFIED 
HABITATS 
In defining the class sizes for the study, plant height was used against the 
convention of Knight (1975), which Doyle (2000) adopted in a recent study of two 
strangling Ficus species in a dry rainforest of New South Wales, Australia. This is 
partly for practical reasons, as of the 346 trees censured 174 were lithophytes and 90 
were epiphytes. Thus, a great majority do not have a ‘trunk’ to speak of and the 
approach of Doyle (2000) to measure basal stem diameter made no sense. Thus, 
height class was used as a surrogate for age in constructing the demographic profile of 
each population.  
A difference in the demographic profiles of the Minor natural islands 
compared against Singapore island (Singapore) and Minor modified islands was 
noticed. The difference is in the modal height classes. The former showed bimodal 
distribution peaking at 2–4 m and 8–10 m, while the others peaked at the smaller and 
presumably younger 0–2 m. It was suggested that this could be owed to human 
removal or natural mortality of the larger class sizes and/or the abundance of the 
niches for seedling establishment on human structures and wayside trees. Even though 
Ficus superba is potentially a strangler hemiepiphyte, in more natural settings of the 
Minor natural islands, it only manifested the free-standing tree and lithophytic life 
forms. This strongly supported the hypothesis that in human modified habitats, more 
niches are created for the establishment of the Ficus superba saplings.  
Possible reasons for the observation may include the fewer unoccupied niches 
on natural islands, compared to human-modified environments with buildings, 
masonry, planted ornamental trees etc., for seedlings to establish. However, another 
possibility that should not be overlooked is that in managed landscapes, there could be 
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systematic removal of plants of the larger class sizes leading the overrepresentation of 
the smallest class size. The removal of a 6 m tall epiphyte was observed during the 
phenological study of 29 Ficus superba plants, seems to support this. Furthermore, it 
is also observed that in managed landscape, there is also regular but incomplete 
removal of small lithophytes from human-build structures, and this is hypothesized to 
lead to frequently to the regeneration of plants of the smallest class sizes. If this is 
correct, it may be necessary to be wary of taking the height class as an accurate 
placeholder for age in urban habitats.  
The bimodal distribution of height classes interestingly mirrored the 
observations of Doyle (2000) for diameter classes in a natural habitat. It is likely that 
for both, the demographic profiles must have equilibrated. Thus, either there is a 
selective mortality of the less represented classes, or as Doyle (2000) suggested a 
growth spurt that leaves lower frequencies in classes between the two modes.  
Doyle (2000) suggested that it has to do with the adaptive advantage of getting 
a stature capable of self-support once the host dies. However, how this may apply to a 
predominately lithophytic species remains to be confirmed by further study. It is 
hypothesized here that upon establishment, faster growth could be driven by the need 
to attain reproductive status more quickly rather than self-support, especially if crop 
size and reproductive success increase with plant size.  
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6 CONCLUSIONS 
The main results of the present work are as follow: 
a. The demography of the entire population of Ficus superba in Singapore was 
characterized for human-modified and natural habitats. Reasons for the 
demographic differences were attributed to differences in niche availability and 
mortality rates. Another factor involved could be differential growth rates of 
certain height classes. 
b. The reproductive and leaf production phenologies were described. Syconium 
production is aseasonal but leaf change, seasonal. The former is found to be 
highly synchronized within plants. Syconium production is often preceded by leaf 
change. Frequencies of syconia initiation and leaf change is positively correlated 
with tree height. The common occurrence of reproductive events with some signs 
of pollinator limitation, coupled with the rarity of pollination failure of whole 
events was also noted. 
c. The potential pollinator flight distances of Ficus superba were estimated. Short 
flight distances of 1.0 km or less were found to account for more than 25% of 
flights, while flight distances of 16 km or less accounted for about 50%. The mean 
distance is about 15 km, though maximum flight distance is 42 km. The skewed 
distribution of distances was concluded to be the result of the spatially clumped 
distribution of the plants, which reflected the patchiness of suitable coastal and 
insular habitats. 
The results are new by virtue of Ficus superba not having been studied for its 
phenology. The work on potential pollinator flight distances was also novel for 
choosing a coastal and insular species, which departs from forest and riparian species 
in its spatially clumped distribution. In the context of forest fragmentation, the value 
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of conserving small patches containing Ficus species was discussed. In particular, the 
applicability of replicating the high local population densities observed in Ficus 
superba for the in situ conservation these forest species was considered.  
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8 APPENDIX 
 
Table A. Mean diameters of Phase B syconia of different events in descending order 
with non-significance ranges calculated using a conservative LSD (least square 
difference). 
Tree (event) Mean (cm) Std. Dev. n Non-sig. ranges 
FS-SJI-A026(2) 1.952778 0.196643 18 a 
FS-SJI-A026(5) 1.91875 0.168899 8 ab 
FS-PSA-A010(1) 1.875 0.114261 28 ab 
FS-SJI-A019(3) 1.85 0.212132 4 abc 
FS-SJI-A029(2) 1.8375 0.172723 16 abc 
FS-SJI-A026(3) 1.815909 0.128532 22 abc 
FS-PSA-A010(2) 1.814706 0.115603 17 abc 
FS-BED-A001(7) 1.797753 0.146728 89 abc 
FS-SJI-A016(2) 1.796774 0.200805 31 abc 
FS-PSA-A011(2) 1.775 0.05 4 abcd 
FS-BED-A001(6) 1.757292 0.202482 96 bcd 
FS-BED-A001(8) 1.754286 0.126304 140 bcd 
FS-SJI-A016(3) 1.74375 0.238204 8 bcd 
FS-PSA-A001(3) 1.675 0.136814 40 cd 
FS-SJI-A026(4) 1.67 0.125167 10 cde 
FS-SJI-A019(4) 1.648387 0.153016 31 cde 
FS-BED-A003(1) 1.646667 0.167403 15 cde 
FS-SBG-A001(7) 1.613483 0.135211 89 cde 
FS-SJI-A019(5) 1.572727 0.071985 11 cdef 
FS-SBG-A001(4) 1.562179 0.141922 78 cdef 
FS-SBG-A001(5) 1.553049 0.116361 82 cdef 
FS-SJI-A017(2) 1.55 0.1 5 cdefg 
FS-SBG-A001(6) 1.527972 0.139494 143 cdefg 
FS-SJI-A020(3) 1.525 0.086603 4 cdefg 
FS-NTU-A001(4) 1.522581 0.085478 31 cdefg 
FS-PSA-A010(3) 1.515517 0.115034 29 cdefg 
FS-SBG-A001(3) 1.503788 0.078599 66 cdefg 
FS-PSA-A013(3) 1.5 0.08165 4 cdefg 
FS-SJI-A016(4) 1.496154 0.193069 13 defg 
FS-BED-A002(2) 1.475 0.155456 4 defg 
FS-BED-A002(3) 1.461111 0.208833 9 efg 
FS-PSA-A013(2) 1.454545 0.061051 11 efg 
FS-PSA-A001(4) 1.425 0.129422 6 efg 
FS-PSA-A009(3) 1.376667 0.206905 15 efg 
FS-SJI-A029(4) 1.366667 0.152753 3 efg 
FS-NTU-A001(5) 1.358889 0.113462 45 fg 
FS-PSA-A001(5) 1.35 0.070711 4 fg 
FS-PSA-A008(4) 1.335714 0.089974 7 fg 
FS-PSA-A008(3) 1.275 0.037796 8 g 
   LSD 0.05 0.227495 cm 
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Table B. Mean diameters of Phase Bw syconia of different events in descending order 
with non-significance ranges calculated using a conservative LSD (least square 
difference). 
Tree (event) Mean (cm) Std. Dev. n Non-sig. ranges 
FS-BED-A001(6) 2.016 0.199332 25 A 
FS-SJI-A026(2) 1.95 0.195789 4 Ab 
FS-SJI-A026(5) 1.94 0.147479 5 Ab 
FS-SJI-A016(1) 1.913636 0.138005 11 Ab 
FS-SJI-A015(2) 1.87 0.125499 5 Abc 
FS-SJI-A016(4) 1.86 0.163554 5 Abc 
FS-BED-A003(1) 1.819231 0.087888 13 Abc 
FS-SJI-A016(3) 1.783333 0.125831 3 Abcd 
FS-PSA-A011(2) 1.75 0.040825 4 Bcd 
FS-BED-A001(8) 1.738462 0.160815 26 Bcd 
FS-BED-A002(3) 1.73 0.095991 15 Bcd 
FS-PSA-A011(1) 1.69 0.155724 5 Bcde 
FS-SBG-A001(7) 1.68 0.057009 5 Bcde 
FS-PSA-A006(1) 1.65 0.102598 20 Bcde 
FS-PSA-A010(4) 1.64 0.119373 5 Bcdef 
FS-SJI-A017(2) 1.58 0.171756 5 Cdef 
FS-BED-A002(2) 1.5525 0.19566 20 Def 
FS-SBG-A001(6) 1.521429 0.11127 7 Def 
FS-SBG-A001(3) 1.511111 0.069722 9 Def 
FS-SJI-A029(4) 1.48 0.115109 5 Def 
FS-BED-A003(2) 1.46 0.124212 15 Ef 
FS-PSA-A001(5) 1.414706 0.119589 17 F 
FS-PSA-A008(4) 1.375 0.041833 6 F 
   LSD50 0.227967 cm 
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Table C. Mean diameter of Phase Bc syconia of different events in descending order 
with non-significance ranges calculated using a conservative LSD (least square 
difference). 
Tree Mean (cm) Std. Dev. n Non-sig. ranges 
FS-SJI-A016(2) 2.038 0.170953 25 a 
FS-BED-A001(6) 2.027273 0.123215 11 a 
FS-SJI-A026(3) 2 0.070711 6 ab 
FS-SJI-A029(2) fallen 1.94 0.181659 5 ab 
FS-PSA-A010(1) 1.927273 0.108082 11 ab 
FS-BED-A001(7) 1.892857 0.189997 14 ab 
FS-BED-A001(8) 1.881481 0.169359 27 ab 
FS-SJI-A019(3) 1.8625 0.047871 4 abc 
FS-PSA-A010(2) 1.85 0.238298 15 bc 
FS-BED-A001(8) fallen 1.82 0.167 10 bc 
FS-SBG-A001(7) fallen 1.734375 0.107577 16 cd 
FS-SBG-A001(7) 1.712162 0.102338 37 cd 
FS-SJI-A019(4) 1.675 0.171945 24 cd 
FS-PSA-A001(3) 1.663636 0.100216 22 cd 
FS-PSA-A009(3) 1.657143 0.130475 7 cd 
FS-SBG-A001(4) 1.626563 0.093312 32 d 
FS-NTU-A001(4) fallen 1.61125 0.08585 40 d 
FS-SBG-A001(6) 1.606154 0.102129 65 d 
FS-SBG-A001(6) fallen 1.605556 0.090568 18 d 
FS-NTU-A001(4) 1.57 0.075829 5 de 
FS-SBG-A001(5) 1.558594 0.134976 64 de 
FS-SBG-A001(3) 1.55 0.15411 5 de 
FS-NTU-A001(5) fallen 1.474242 0.128769 33 e 
FS-NTU-A001(5) 1.443548 0.104676 31 e 
   LSD 0.05 0.179829 cm 
 
Table D. Smith-Satterthwaite test of significant difference in means between the 
smallest Bw and four smallest values of B. Refer to Tables D and E. 
Smallest Bw vs. t' Degree of freedom Significance 
4th smallest B 0.636715 4.41898 α>0. 1 (ns) 
3rd smallest B 1.03236 8.740928 α>0. 1 (ns) 
2nd smallest B 2.236068 7.941176 α<0. 05 
The smallest B 4.611488 10.2518 α<0. 0005 
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Table E. Rank correlation for how variables are related in individuals plants under 
phonological observation. Number of individuals in each sample (n) is indicated with 
an asterisk (*) whenever juveniles are included. 
Variable 1 Variable 2 n Spearman r p Comment 
Height Dbh 18 0.771 0.0002 sig 
Height Dbh 20* 0.833 0.0000 sig 
Height crown diameter 20 0.669 0.0013 sig 
Height crown diameter 26* 0.847 0.0000 sig 
Height leaf change freq. 20 0.00602 0.9799 ns 
Height leaf change freq. 28* 0.33 0.086 ns 
Height leafing freq. 20 -0.16 0.5 ns 
Height leafing freq. 28* -0.567 0.0016 sig 
Height leaf loss freq. 20 0.0692 0.772 ns 
Height leaf loss freq. 28* 0.159 0.419 ns 
Height reproductive freq. 20 0.429 0.0589 ns 
Height proportion of Failures 20 0.0992 0.677 ns 
Height proportion of near failures 20 0.0188 0.9373 ns 
Height proportion of Small events 20 0.611 0.0042 sig 
Height duration of E≥10% 20 -0.433 0.0562 ns 
Height duration of B 20 -0.251 0.2863 ns 
Height duration of C 20 0.192 0.4171 ns 
Height duration of D 20 0.274 0.2416 ns 
Crown diameter leaf change freq. 20 0.26 0.268 ns 
Crown diameter leaf change freq. 26* 0.372 0.0611 ns 
Crown diameter leafing freq. 20 -0.498 0.0255 sig 
Crown diameter leafing freq. 26* -0.641 0.0004 sig 
Crown diameter leaf loss freq. 20 0.0707 0.7672 ns 
Crown diameter leaf loss freq. 26* 0.103 0.6175 ns 
Crown diameter reproductive freq. 20 0.319 0.1707 ns 
Crown diameter proportion of Failures 20 0.222 0.3473 ns 
Crown diameter proportion of near failures 20 0.14 0.5565 ns 
Crown diameter proportion of Small events 20 0.394 0.086 ns 
Crown diameter duration of E≥10% 20 -0.3 0.1993 ns 
Crown diameter duration of B 20 -0.237 0.3147 ns 
Crown diameter duration of C 20 0.0312 0.8961 ns 
Crown diameter duration of D 20 -0.0989 0.6783 ns 
dbh leaf change freq. 18 -0.0738 0.7711 ns 
dbh leaf change freq. 20* 0.1211 0.6112 ns 
dbh leafing freq. 18 0.11 0.6627 ns 
dbh leafing freq. 20* 0.2662 0.2567 ns 
dbh leaf loss freq. 18 -0.0206 0.4112 ns 
dbh leaf loss freq. 20* -0.383 0.0951 ns 
dbh reproductive freq. 18 0.375 0.1256 ns 
dbh proportion of Failures 18 0.122 0.6288 ns 
dbh proportion of near failures 18 0.128 0.6128 ns 
dbh proportion of Small events 18 0.761 0.0002 sig 
dbh duration of E≥10% 18 -0.412 0.0895 ns 
dbh duration of B 18 -0.307 0.2153 ns 
dbh duration of C 18 0.299 0.2285 ns 
dbh duration of D 18 -0.0356 0.8885 ns 
Reproductive freq. proportion of Failures 20 0.205 0.3871 ns 
Reproductive freq. proportion of near failures 20 0.472 0.0355 sig 
Reproductive freq. proportion of Small events 20 0.195 0.4088 ns 
Proportion of Small events proportion of Failures 20 0.243 0.3014 ns 
Proportion of Small events proportion of near failures 20 0.226 0.3381 ns 
leaf change freq. Reproductive freq. 20 -0.248  0.2923 ns 
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Table F. Rank correlation for how variables are related in crops (reproductive 
events). 
Variable 1 Variable 2 n Spearman r p Comment 
Percent failed female Percent Camarathorax 50 -0.0685 0.6366 ns 
Percent failed female Percent Apocryptophagus 50 0.289 0.0418 sig 
Percent failed female Percent all male 50 0.382 0.0062 sig 
Percent failed female Percent all female 50 0.437 0.0015 sig 
Percent failed female Percent failed dispersal 50 0.386 0.0057 sig 
Percent failed female Percent failed emergence 50 0.447 0.0012 sig 
Percent failed female Percent failed pollination 50 0.538 0.0001 sig 
Percent failed female Percent failed oviposition 50 0.435 0.0016 sig 
Percent failed female 
Percent failed oviposition 
and pollination 50 0.381 0.0063 
sig 
Mean wasp per syconium Duration of Phase B 45 -0.379 0.0102 sig 
Mean wasp per syconium Percent Camarathorax 47 0.00931 0.9505 ns 
Mean wasp per syconium Percent Apocryptophagus 47 0.00425 0.9774 ns 
Mean wasp per syconium Percent failed female 47 -0.510 0.0003 sig 
Mean wasp per syconium Percent failed pollination 47 0.220 0.138 ns 
Mean wasp per syconium Percent failed oviposition 47 0.0948 0.5261 ns 





Mean wasp per syconium Percent failed emergence 47 0.503 0.0003 sig 
Mean wasp per syconium Percent failed dispersal 47 0.0873 0.5595 ns 
Mean wasp per syconium Percent all male 47 0.458 0.0012 sig 
Mean wasp per syconium Percent all female 47 0.367 0.0112 sig 
Percent Camarathorax Percent Apocryptophagus 47 0.288 0.0426 sig 
Duration of Phase B Percent Camarathorax 48 -0.00499 0.9731 ns 
Duration of Phase B Percent Apocryptophagus 48 0.213 0.1456 ns 
Duration of Phase B Percent failed female 48 0.676 0.0000 sig 
Duration of Phase B Percent failed pollination 48 0.510 0.0002 sig 
Duration of Phase B Percent failed oviposition 48 0.569 0.0000 sig 
Duration of Phase B Percent failed oviposition 
and pollination 
48 0.458 0.0011 sig 
Duration of Phase B Percent failed emergence 48 0.528 0.0001 sig 
Duration of Phase B Percent failed dispersal 48 0.354 0.0135 sig 
Duration of Phase B Percent all male 48 0.520 0.0001 sig 
Duration of Phase B Percent all female 48 0.388 0.0064 sig 
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Table G. Pearson product moment correlation was done on variable-pairs of Table E, 
and only those found to differ in significance from rank-correlation using Spearman r 
are reported here. Samples including juveniles are indicated with an asterisk (*). 
Variable 1 Variable 2 n r se p Comment 
Height reproductive freq. 20 0.5 0.211 0.0466 sig 
Height duration of E 10 % 20 -0.469 0.208 0.0372 sig 
Crown diameter leaf change freq. 26* 0.465 0.181 0.0166 sig 
Crown diameter leafing freq. 20 -0.416 0.241 0.0682 ns 
Reproductive freq. 
Proportion of near 
failures 20 0.289 0.226 0.2172 ns 
 
Table H. Non-parametric ANOVA with Kruskall-Wallis test for significance of the 
effect of how reproductive stage and life form (free-standing tree, epiphyte, 
lithophyte) are related to physical and phenological characteristics of individuals. 
Samples including juveniles are indicated with an asterisk (*). 
Treatment Variable n H df p Comment 
Reproductive/juvenile leaf change freq. 28* 4.177 1 0.041 sig 
Reproductive/juvenile leaf loss freq. 28* 0.704 1 0.4013 ns 
Reproductive/juvenile leafing freq. 28* 9.784 1 0.0018 sig 
Reproductive/juvenile height 28* 15.684 1 0.001 sig 
Reproductive/juvenile dbh 20* 5.174 1 0.0229 sig 
Reproductive/juvenile crown diameter 26* 12.308 1 0.0005 sig 
Life form (fs/ep/el) height 28* 11.631 2 0.003 sig 
Life form (fs/ep/el) dbh 20* 6.886 2 0.032 sig 
Life form (fs/ep/el) crown diameter 26* 10.392 2 0.0055 sig 
Life form (fs/ep/el) leaf change freq. 28* 2.16 2 0.3396 ns 
Life form (fs/ep/el) leaf loss freq. 28* 3.897 2 0.1425 ns 
Life form (fs/ep/el) leafing freq. 28* 3.048 2 0.2179 ns 
Life form (fs/ep/el) reproductive freq. 28* 15.848 2 0.004 sig 
Life form (fs/ep/el) reproductive freq. 20 2.709 2 0.258 ns 
Life form (fs/ep/el) proportion of Failures 20 5.305 2 0.0705 ns 
Life form (fs/ep/el) proportion of near failures 20 1.089 2 0.5802 ns 
Life form (fs/ep/el) proportion of Small events 20 1.971 2 0.3733 ns 
Life form (fs/ep/el) duration of E≥10% 20 1.79 2 0.4086 ns 
Life form (fs/ep/el) duration of B 20 1.161 2 0.5597 ns 
Life form (fs/ep/el) duration of C 20 2.589 2 0.274 ns 
Life form (fs/ep/el) duration of D 20 0.71 2 0.7013 ns 
 
Table I. Non-parametric ANOVA with Kruskall-Wallis test for how variables of 
crops (reproductive events) are related. 
Treatment Variable n H df p Comment 
Small/Big event Mean wasps per syconium 50 6.053 1 0.0139 sig 
Small/Big event Percent Apocryptophagus 50 1.622 1 0.2025 ns 
Small/Big event Percent Camarathorax 50 0.223 1 0.6366 ns 
Small/Big event Percent failed female 50 1.583 1 0.2083 ns 
Small/Big event Percent failed pollination 50 0.0967 1 0.7558 ns 
Small/Big event Percent failed oviposition 50 1.146 1 0.2844 ns 
Small/Big event Percent failed oviposition 




Small/Big event Percent failed emergence 50 0.0810 1 0.3682 ns 
Small/Big event Percent failed dispersal 50 1.305 1 0.2532 ns 
Small/Big event Percent male only 50 0.595 1 0.4405 ns 
Small/Big event 






Small/Big event Duration of B 48 2.047 1 0.1525 ns 
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Table J. Wasps survival from time of opening syconia, arranged by tree collected 
from, date collected, sconium number, date opened and sex of pollinator wasps. 








opening 0.5 1 1.5 2 2.5 3 
Male 4 5 4 0   
FS-SJI-A011 5-Aug-04 1 
8/5/2004 
(a.m.) Female 3 8 16 0   
Male 2 6 0    
1 
2/9/2004 
(a.m.) Female 1 1 13 37 91 5 
Male 9 3 0    
2 
2/9/2004 
(a.m.) Female 1 0     
Male 0 3 5 0   
3 
2/9/2004 
(a.m.) Female 5 12 2 133 3 0 
Male 2 3 3 0   
4 
2/9/2004 
(a.m.) Female 13 16 117 12 0  
Male 3 0     
5 
2/9/2004 
(a.m.) Female 0 1 10 11 0  
1-Sep-04 6 
2/9/2004 
(a.m.) Male 11 35 63 0 11 1 
Male 0 1 0    
1 
9/4/2004 
(a.m.) Female 1 7 25 48 31 2 
Male 0 1 1 0   
2 
9/4/2004 
(a.m.) Female 1 7 8 6 0 0 





(a.m.) Female 0 4 9 38 2 0 
Male 35 57 77 0 11 1 Combined Female 25 56 200 285 127 7 
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Table K. List of plants used to construct the logistic regression model for predicting 









FS BED A 002 14 fs 1.7 17 1
FS BED A 004 6 ep - - 0
FS BED A 005 3 el - 3 0
FS BED A 007 9 el 1.5 m - 1
FS BED A 009 0.5 el - - 0
FS BED A 022 18 fs 2m - 1
FS BED A 023 12 fs 1.2m - 1
FS BED A 001A 30 fs 3 28 1
FS BED A 003L 25 fs 3.2 20 1
FS BED J 001 1 ep - - 0
FS BED J 003 0.05 el - - 0
FS BED J 022 0.2 ep - - 0
FS BED J 026 0.3 ep - - 0
FS NTU A 001 13 fs 1.7 23 1
FS PSA A 001 18 fs 2.2 16 1
FS PSA A 002 3 el - 2 0
FS PSA A 007 1 el - - 0
FS PSA A 008 14 fs 2 22 1
FS PSA A 009 12 fs 1.5 14 1
FS PSA A 010 14 fs 1.3 13 1
FS PSA A 011 14 fs 1.2 12 1
FS PSA A 013 7 el 0.5 6 1
FS PSA A 016 6 el - - 1
FS PSA A 017 4 el - - 0
FS PSA A 018 4 el - - 0
FS PSA A 019 5 el - - 0
FS PSA A 020 5 el - - 0
FS PSA A 021 8 el - - 0
FS PSA J 009 0.3 el - - 0
FS PSA J 014 0.4 el - - 0
FS PSA J 027 1.5 fs - - 0
FS PSA J 030 0.2 ep - - 0
FS PSA J 086 3 ep - - 0
FS PSN A 001 20 fs - 20m 1
FS SBG A 001 7 fs 40 cm 7 1
FS SJI A 001 12 ep - 8 0
FS SJI A 015 30 fs 3.5 >40 1
FS SJI A 016 20 ep - 23 1
FS SJI A 017 16 fs 3.5 25 1
FS SJI A 018 6 ep 0.1 6 0
FS SJI A 019 20 fs 2 20 1
FS SJI A 020 18 ep - 20 1
FS SJI A 023 36 fs 2.5 29 1
FS SJI A 026 19 fs 2 22 1
FS SJI A 029 23 fs 1.5 22 1
FS SJI A 037 11 fs 1.5m - 1
FS SJI J 010 0.3 ep - - 0
FS SJI J 020 1 ep - - 0
FS SJI J 031 1.5 ep - 0.5 0
FS SJI J 032B 2 ep - - 0
Tree
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Table L. Syconia quality of each crop including information on, the percentages of 






























FS-BED-A001 6 S 10.71 3.70 25.64 0.00 0.00 0.00 0.00 18.52 0.00 0.00 0.00 3.70 None
FS-BED-A001 7 S 17.95 0.00 11.76 6.25 0.00 0.00 0.00 0.00 36.81 3.39 39.26 39.26 Apo, Cama
FS-BED-A001 8 S 7.99 5.88 4.55 0.00 0.00 4.35 0.00 2.25 4.08 1.21 4.23 4.53 Apo, Cama
FS-BED-A002 2 S 0.00 0.00 8.33 0.00 9.09 5.26 0.00 0.00 15.24 10.00 10.76 10.76 Apo, Cama
FS-BED-A002 3 S 0.00 0.00 0.00 5.26 7.14 0.00 0.00 29.21 0.00 5.71 5.71 5.71 Apo
FS-BED-A003 1 S 4.00 0.00 8.33 0.00 0.00 0.00 0.00 0.00 0.00 8.33 8.33 8.33 Apo
FS-BED-A003 2 S 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 36.21 69.23 27.78 27.78 Apo, Cama
FS-NTU-A001 4 S 6.33 0.00 0.00 13.51 0.00 0.00 0.00 0.00 6.67 20.00 26.67 26.67 Apo, Cama
FS-NTU-A001 5 S 54.39 8.33 7.89 16.13 18.18 0.00 0.00 2.38 0.00 0.00 0.00 8.33 None
FS-PSA-A001 3 NF 28.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.18 10.00 17.91 17.91 Apo, Cama
FS-PSA-A001 4 S 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 56.14 0.00 56.14 56.14 Cama
FS-PSA-A006 1 S 0.00 0.00 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 None
FS-PSA-A008 2 S 50.00 0.00 0.00 0.00 0.00 0.00 4.76 4.76 0.00 14.29 14.29 14.29 Apo
FS-PSA-A008 3 S 10.00 27.27 0.00 0.00 0.00 0.00 0.00 0.00 86.67 18.18 91.11 97.78 Apo, Cama
FS-PSA-A008 4 S 4.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 71.43 14.29 42.86 42.86 Apo, Cama
FS-PSA-A009 3 S 26.92 15.38 0.00 0.00 0.00 0.00 0.00 0.00 26.32 7.69 28.95 28.95 Apo, Cama
FS-PSA-A010 1 S 34.38 0.00 7.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 None
FS-PSA-A010 2 S 68.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 42.86 20.00 35.48 35.48 Apo, Cama
FS-PSA-A010 3 S 9.52 0.00 0.00 23.08 0.00 0.00 11.76 11.76 22.22 0.00 22.22 22.22 Cama
FS-PSA-A011 2 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 10.00 10.00 Cama
FS-PSA-A013 2 F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00 100.00 Cama
FS-PSA-A013 3 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 None
FS-PSA-A016 1 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 76.19 0.00 76.19 76.19 Cama
FS-SBG-A001 3 S 29.41 0.00 3.88 0.00 0.00 0.00 0.00 0.00 0.00 5.41 5.41 5.41 Apo
FS-SBG-A001 4 NF 76.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.07 0.00 0.00 0.00 Cama
FS-SBG-A001 5 NF 41.83 0.00 8.77 18.75 0.00 0.00 0.00 2.70 11.22 0.00 0.00 11.22 Cama
FS-SBG-A001 6 S 33.33 1.78 17.95 2.85 8.57 0.00 0.00 2.34 16.67 7.69 4.88 3.89 Apo, Cama
FS-SBG-A001 7 S 17.96 4.55 3.33 0.00 0.00 0.00 0.00 2.04 33.33 2.08 4.76 2.67 Apo, Cama
FS-SJI-A015 2 S 14.29 0.00 0.00 0.00 0.00 0.00 0.00 50.00 18.75 0.00 18.75 18.75 Cama
FS-SJI-A015 3 S 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 None
FS-SJI-A015 4 S 10.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 None
FS-SJI-A015 6 S 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 45.83 0.00 45.83 45.83 Cama
FS-SJI-A016 1 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.67 0.00 16.67 16.67 Cama
FS-SJI-A016 2 S 30.38 0.00 22.39 0.00 0.00 0.00 3.45 3.45 0.00 0.00 0.00 0.00 None
FS-SJI-A016 3 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 None
FS-SJI-A017 2 S 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 14.29 14.29 Cama
FS-SJI-A017 3 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 31.25 0.00 31.25 31.25 Cama
FS-SJI-A017 4 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 55.74 0.00 55.74 55.74 Cama
FS-SJI-A019 3 F 9.30 4.76 0.00 0.00 0.00 0.00 0.00 0.00 52.54 84.62 53.85 55.13 Apo, Cama
FS-SJI-A019 4 S 61.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 23.53 0.00 23.53 23.53 Cama
FS-SJI-A019 6 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 74.00 0.00 74.00 74.00 Cama
FS-SJI-A023 2 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.77 0.00 16.77 16.77 Cama
FS-SJI-A023 5 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 100.00 100.00 Cama
FS-SJI-A026 2 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 6.25 6.25 Cama
FS-SJI-A026 3 S 11.76 0.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 None
FS-SJI-A026 4 S 5.00 0.00 0.00 0.00 0.00 0.00 4.35 4.35 0.00 0.00 0.00 0.00 None
FS-SJI-A026 5 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.67 0.00 8.00 8.00 8.00 None
FS-SJI-A029 2 S 7.69 0.00 37.50 7.69 0.00 0.00 3.85 3.85 22.41 0.00 22.41 22.41 Cama
FS-SJI-A029 3 S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 None
FS-SJI-A029 4 S 0.00 0.00 12.90 0.00 0.00 12.50 7.14 7.14 93.55 8.33 69.77 69.77 Apo, Cama
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Table M. continued with the number of syconia sampled for calculation of the 




















































FS-BED-A001 6 112 27 39 54
FS-BED-A001 7 78 68 16 100 104 163 16 102 118 163
FS-BED-A001 8 338 17 22 23 89 245 0 13 280 331 331 331
FS-BED-A002 2 24 11 19 21 105 105 10 10 158
FS-BED-A002 3 19 14 89 35 35 35
FS-BED-A003 1 25 12 12 12 12
FS-BED-A003 2 10 58 58 13 5 13 108
FS-NTU-A001 4 79 37 15 15 15 15 15
FS-NTU-A001 5 57 12 38 62 11 84
FS-PSA-A001 3 77 77 77 100 100 134
FS-PSA-A001 4 18 34 57 57
FS-PSA-A006 1 15
FS-PSA-A008 2 2 21 21 7 7 7
FS-PSA-A008 3 10 11 35 45 45 11 11 45 45
FS-PSA-A008 4 21 21 21 21 21 21 42
FS-PSA-A009 3 26 13 38 38 13 13 38
FS-PSA-A010 1 32 13
FS-PSA-A010 2 22 21 21 10 10 31
FS-PSA-A010 3 21 13 17 17 9 9 9
FS-PSA-A011 2 10 10 10
FS-PSA-A013 2 30 30
FS-PSA-A013 3
FS-PSA-A016 1 21 21 21
FS-SBG-A001 3 17 129 148 148 148
FS-SBG-A001 4 42 58
FS-SBG-A001 5 153 57 48 37 98
FS-SBG-A001 6 195 169 273 246 70 171 12 12 26 26 26 82 180
FS-SBG-A001 7 206 22 90 98 9 9 96 96 105 225
FS-SJI-A015 2 14 4 14 2 16 16
FS-SJI-A015 3 18
FS-SJI-A015 4 19
FS-SJI-A015 6 25 24 24 24
FS-SJI-A016 1 12 12 12
FS-SJI-A016 2 79 67 29 29
FS-SJI-A016 3
FS-SJI-A017 2 14 14 14 14
FS-SJI-A017 3 48 48 48
FS-SJI-A017 4 17 61 61 61
FS-SJI-A019 3 43 21 59 59 13 13 78 78
FS-SJI-A019 4 39 34
FS-SJI-A019 6 31 50 50 50
FS-SJI-A023 2 155 21 155 155
FS-SJI-A023 5 4 6 6 6
FS-SJI-A026 2 16 16 16
FS-SJI-A026 3 51 4
FS-SJI-A026 4 20 23 23
FS-SJI-A026 5 12 25 25 25
FS-SJI-A029 2 13 16 13 26 26 58 58 58 58
FS-SJI-A029 3
FS-SJI-A029 4 31 8 14 14 10 31 31 12 12 43
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Table Q. Reproductive phase durations of plants observed for phenological study. 


























FS-PSA-A008 14 2 22 fs 11.667 0.750 0.750 2.000 0.667 2.000
FS-PSA-A011 14 1 12 fs 10.000 0.000 1.000 2.500 0.500 1.500
FS-PSA-A006 14 1 23 fs - 1.000 1.000 2.000 1.000 1.000
FS-PSA-A009 12 2 14 fs 23.500 1.000 1.333 2.333 0.667 0.500
FS-PSA-A010 14 1 13 fs 13.000 1.000 2.000 2.333 1.667 2.000
FS-PSA-A001 18 2 16 fs 12.000 1.750 1.750 3.750 2.000 1.750
FS-PSA-A013 7 1 6 el 15.000 1.333 1.333 3.000 1.000 1.500
FS-SBG-A001 7 0 7 fs 10.429 1.000 2.143 2.500 1.500 3.000
FS-NTU-A001 13 2 23 fs 10.250 1.000 2.000 3.000 0.500 3.667
FS-BED-A002 14 2 17 fs 14.500 1.000 1.500 3.500 1.000 1.500
FS-BED-A003 25 3 20 fs 13.000 0.667 0.667 3.000 1.000 1.000
FS-BED-A001 30 3 28 fs 7.714 1.333 1.800 3.750 1.500 0.571
FS-SJI-A017 16 4 25 fs 14.333 1.250 1.000 3.000 0.500 1.333
FS-SJI-A016 20 - 23 ep 14.000 0.500 1.333 2.500 1.333 1.333
FS-SJI-A015 30 4 >40 fs 7.800 0.800 1.200 2.833 1.333 0.667
FS-SJI-A019 20 2 20 fs 8.667 0.857 1.714 2.833 1.600 0.833
FS-SJI-A023 36 3 29 fs 14.500 0.750 1.000 2.000 0.667 1.000
FS-SJI-A029 23 2 22 fs 11.250 0.800 1.250 3.333 2.000 1.750
FS-SJI-A026 19 2 22 fs 10.750 1.200 1.600 3.000 1.000 1.600
FS-SJI-A020 18 - 20 ep 18.500 0.333 0.667 - - -
Total - - - - 11.612 0.952 1.434 2.879 1.222 1.523
Tree










No. of Samll 
Events
No. of Abscision 
Events
No. of Failed 
Samll Events








FS-PSA-A008 3.000 4 4 4 0 0 0 0 60 0.067
FS-PSA-A011 2.000 2 2 2 0 0 0 0 60 0.033
FS-PSA-A006 2.000 1 1 1 0 0 0 0 60 0.017
FS-PSA-A009 1.500 3 3 3 1 0 0 0 60 0.050
FS-PSA-A010 4.000 4 3 4 0 0 0 0 60 0.067
FS-PSA-A001 5.000 5 4 5 1 1 0 0 60 0.083
FS-PSA-A013 5.500 3 3 3 0 0 0 0 60 0.050
FS-SBG-A001 7.750 8 7 8 0 2 0 0 75 0.107
FS-NTU-A001 9.667 5 5 5 0 2 0 1 65 0.077
FS-BED-A002 3.000 3 3 3 1 1 1 0 63 0.048
FS-BED-A003 3.333 4 4 4 2 0 0 0 65 0.062
FS-BED-A001 3.167 8 8 8 3 1 0 0 65 0.123
FS-SJI-A017 2.667 4 4 4 2 0 0 0 67 0.060
FS-SJI-A016 6.000 4 4 4 1 0 0 0 67 0.060
FS-SJI-A015 1.500 7 7 6 1 0 0 0 67 0.090
FS-SJI-A019 3.000 7 7 7 2 0 1 0 67 0.104
FS-SJI-A023 4.667 6 5 6 3 0 1 0 67 0.090
FS-SJI-A029 3.500 5 4 5 0 0 0 0 67 0.075
FS-SJI-A026 3.800 5 5 5 2 0 0 0 67 0.075
FS-SJI-A020 - 3 3 3 3 0 0 0 67 0.045
Total 4.100 91 86 90 22 7 3 1 58 1.552
 
 
